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As an emerging professional in the field of architecture, I became exceedingly interested in 
adaptive design. With the growing trends in urbanization and global climate change, my interests 
became more pragmatic in understanding how I would be able to contribute best to society as a 
professional. 
The deliverables from this thesis are intended to guide and inform the architect and present the 
rationale around decision-making for retrofitting urban buildings to be more resilient in the face 
of flooding disasters. The methodology presented dissects the logic behind the decision-making 
process. 
The efficacy of the methodology developed is tested by providing a case-study, where the findings 
are grounded in science, and the science, therefore, informs the design. Ultimately, existing 
buildings need to be adapted better, and this is my focus. 
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There are two trends that are creating a worldwide crisis. Firstly, cities are growing denser 
every day, and many of the major cities developed along the coasts or with adjacencies to water, 
stemming from a thriving trade industry and industrialization. On a separate track, the effects of 
global climate change are projected to increase sea level along with the frequency and intensity of 
flooding disasters. Therefore, these projections are placing cities at a highly vulnerable crux with 
few foreseeable solutions in sight. 
In the wake of Hurricane Sandy, the Flood Insurance Rate Maps (FIRMs) were redrawn, 
and buildings that previously were not in the floodplain were suddenly faced with insurance 
premiums from the National Flood Insurance Program (NFIP). Guides have been developed by 
organizations such as the Federal Emergency Management Agency (FEMA) and the American 
Institute of Architects (AIA), offering strategies for retrofitting flood-resistant design for single-
family and non-residential buildings, but there is a gap in the knowledge of how to apply the 
existing strategies to buildings in a dense urban landscape. Cities face distinct challenges when 
absorbing and recovering from flooding disasters, especially as some were not designed for 
disaster preparedness of such events. Viable solutions must then be adaptable specifically for 
urban settings. 
Through this investigation, a methodology was developed to evaluate the existing retrofitting 
flood-resilient strategies appropriate for dense urban areas. The methodology was then tested by 
applying the strategies to a case study building. The results of the application determined gaps 
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American Institute of Architects (AIA): the leading professional association for emerging 
professionals and licensed architects in the U.S. since 1857. 
American Institute of Architects New York State (AIANYS): an organization of the AIA that 
represents the 13 chapters and 6,500, founded in 1931. 
Base Flood Elevation (BFE): the predicted elevation of floodwater levels during a base flood. The 
elevation may also be specified by the Flood Insurance Rate Maps (FIRM) of a given community 
flood profile. Structures must adhere to the BFE requirements for floodproofing, which 
determines the flood insurance premium.
Benefit-Cost Analysis (BCA): validates cost effectiveness and is required by the Federal 
Emergency Management Agency (FEMA) to evaluate potential hazard mitigation projects prior 
to funding. 
Benefit-Cost Ratio (BCR): a number derived from the total net benefits of a project divided by 
the total project cost, determining the cost effectiveness of the whole project.
Department of Homeland Security (DHS): U.S. government organization with the purpose of 
securing the nation from threats, and oversees the development of the National Flood Insurance 
Program (NFIP) and Flood Insurance Rate Maps (FIRMs).
Design Flood Elevation (DFE): unique to a community’s FIRM, it is the recommended elevation 
level to minimize damage to a building when flood levels exceed the BFE by adding a specified 
Freeboard amount for the zone.
Disaster Relief Appropriations Act: in conjunction with the Sandy Recovery Improvement Act, 
it improved the disaster response assistance for Hurricane Sandy and other future disasters by 
making additional assistance available for 2013.
Federal Emergency Management Agency (FEMA): the U.S. agency responsible for 





Flood Control Act 1944 (FCA): an amendment to the previous Acts, authorizing the 
construction of public works on waterways to improve flood control.
Flood Insurance Rate Maps (FIRMs): a map that outlines the potential flood hazard to a given 
community and the associated insurance premiums within the zone.
Flood Insurance Survey (FIS): following a flood study of a given community, the FIS supplies 
flood risk data for specific water resources.
Freeboard: an additional height margin for safety, usually in feet, above the BFE and is 
determined by the community FIRM. 
Greenhouse Gas (GHG): the collection of gases that trap heat in the atmosphere, Carbon 
Dioxide (CO2), Methane (CH4), Nitrous Oxide (N20), and Fluorinated gases. 
Increased Cost of Compliance (ICC): the amount of assistance provided by FEMA for 
residences to retrofit strategies.
Integrated Coastal Management System (ICM): a process to manage the efficiency of governing 
marine and coastal resources, through coordination and partnerships with financial and 
institutional organizations.
Leadership in Energy & Environmental Design (LEED®): an incentivized building certification 
system that promotes advanced sustainable development and energy-efficiency by offering an 
array of awards levels and industry sectors to accommodate a project.  
Life-cycle Assessment (LCA): a instrument for evaluating the environmental impacts for 
products and services by analyzing all the stages of the given life cycle to aid in decision support.
Limit of Moderate Wave Action (LiMWA): the area limit of an inland area anticipated to receive 
a 1.5 FT or larger waves in the event of a 1% annual flood.
Mean Sea Level (MSL): refers to the vertical datum average sea level between the high and low 
tides. 
viii
Mean Lower Low Water (MLLW): a tidal datum that is the average of the daily lowest tide 
recorded from a tide station during a specified period of time.
Metropolitan Waterfront Alliance (MWA): a non-profit organization comprised of over 800 
outfits with the purpose of influencing the sustainable development of water-adjacent land-use in 
the New York and New Jersey metropolitan areas.
National Flood Insurance Program (NFIP): government organization tasked with mitigating 
the impacts of flooding events on new and improved structures by providing affordable flood 
insurance to property owners as well as guiding communities to adopt floodplain management 
regulations.
North American Vertical Datum of 1988 (NAVD88): one of the five worldwide geodetic 
datums, derived through a process of geodetic leveling surveys that determine the benchmarks 
between points in the ground in the North American Continent. 
New York City Department of City Planning (NYCDCP): municipal department for the 
five boroughs that supports sustainable developments while promoting equitable housing, 
commercial and infrastructure investments in alignment with community needs.
Resilient Design Institute (RDI): a non-profit organization with the purpose of integrating 
resiliency principles for building projects and community development in response to the effects 
of global climate change and natural disasters.
Sandy Recovery and Improvement Act (SRIA): signed into law in January 2013 by President 
Obama, it is an amendment to the Stafford Disaster Relief and Emergency Assistance Act, which 
authorized the availability of additional assistance methods for FEMA to provide disaster relief 
and response measures.
Special Flood Hazard Area (SFHA): a high-risk area on a FIRM where floodplain management 





Substantially Damaged (SD) / Substantially Improved  (SI): refers to the reconstruction or 
improvement of a structure where the cost is equal to or more than 50% of the market value for 
the property prior to the alteration
U.S. Green Building Council (USGBC): a non-profit organization focused on the sustainable 
development of equitable and energy-efficient buildings through Leadership in Energy & 
Environmental Design (LEED®) by working with industrial and technical institutions at the local, 
state and federal levels. 
Waterfront Edge Design Guidelines (WEDG): created by the MWA, it is an incentive-based 
rating system (similar to LEED®) that promotes the health and vitality of urban and suburban 
waterfronts. 
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CHAPTER 1: THE BIG PICTURE
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1.1.0 INTRODUCTION
Water is an essential element for the survival 
of life on Earth. Flooding is a natural part of 
the hydrological cycle. The tilt in the Earth’s 
axis at 23.4º is what provides for the change 
in seasons. An overabundance of Greenhouse 
Gases (GHG) in the atmosphere is responsible 
for global climatological changes. And 
any structure adjacent to a body of water 
is vulnerable to flooding of some nature. 
The preceding statements are irrefutable, 
inextricably linked, and the foundation for this 
thesis. 
The Earth’s surface is covered by about 71% of 
water [1]. The saline ocean waters comprise 
about 96.5%, and freshwater is  found in 
rivers, water vapors, lakes, glaciers, and 
aquifers [1]. Water is constantly in motion 
through the hydrological cycle, and this is a 
good thing. Without the ebbs and flows we 
would not have such life-sustaining services 
as adequate drinking water, rich agricultural 
soils, or the change in seasons, to name a few. 
The water cycle is composed of a series of 
events: evaporation, atmospheric transport, 
precipitation, runoff, and storage [2]. As water 
evaporates from the Earth’s surface it goes 
into the atmosphere where precipitation (in 
the form of rain or snow) falls back to the 





Heat trapped within the atmosphere creates more precipitation






Warming leads to 
decrease in snow 
and glaciers
Figure 1: The Compromised Hydrological Cycle
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reservoirs in lakes, rivers, and seeps into 
the aquifer where we get our groundwater. 
Flooding can contribute to soil vitality and 
renewal, and ecosystems rely on this process 
to enhance and strengthen their biodiversity. It 
is when flooding interacts with anthropogenic 
development that it creates a threat to life 
safety, and becomes a disaster “because of the 
way we have built upon areas susceptible to 
flooding [2]. One of the more recent examples 
of catastrophic flooding is in New York and 
New Jersey from Hurricane Sandy. 
On October 29, 2012, Hurricane Sandy 
made landfall and caused nearly $19 Billion 
in damages and lost economic activity with 
44 fatalities [3]. With as much destruction 
that was attributed to the storm, NYC 
had experienced similar if not stronger 
climatological storms in the past. Sandy’s  “80- 
mile-per-hour (mph) peak wind gusts fell well 
short of other storms that have hit New York 
City, including Hurricane Carol in 1954 (up to 
125-mph gusts) and Hurricane Belle in 1976 
(up to 95-mph gusts)” [4]. These other storms 
also brought more rain than the 1-inch in some 
parts from Sandy. Hurricane Donna in 1960 
dropped  5 inches. And the reason it was not 
even worse than it was is due to the low tide 
at the time of impact. “According to modeling 
undertaken by the storm surge research 
team at the Stevens Institute of Technology, 
if Sandy had arrived earlier— near high tide 
in western Long Island Sound, rather than 
in New York Harbor and along the Atlantic 
Ocean—the peak water level in the western 
Sound, measured at the King’s Point gauge, 
which hit more than 14 feet above Mean 
Lower Low Water, or MLLW (over 10 feet 
above datum NAVD88) during Sandy, instead 
could have reached almost 18 feet above 
MLLW (almost 14 feet above NAVD88)” [4]. 
Again, the importance of ebbs and flows in the 
hydrological cycle comes into play. 
The Federal Emergency Management 
Association (FEMA) was created in 1979 by 
an executive order signed by President Jimmy 
Carter, and is responsible for coordinating 
“the federal government’s role in preparing 
for, preventing, mitigating the effects of, 
responding to, and recovering from all 
domestic disasters, whether natural or man-
made, including acts of terror” [5]. FEMA 
conducts hazard studies called Flood Insurance 
Studies (FISs) to understand the flooding 
vulnerabilities of a region, which then inform 
the FIRMs. In coastal regions, the FISs dictate 
the mean sea level (MSL) and wave elevation 
for Special Flood Hazard Areas (SFHA). 
The SFHA are defined as “the land in the 
floodplain subject to a 1-percent or greater 
chance of flooding in any given year,” and also 
known as the “base floodplain” or “100-year 
floodplain” [6]. The FIRMs divide the SFHA 
area into two zones: V-Zone, located directly 
along the coast in the 100-year floodplain and 
high potential for high-velocity wave events; 
A-Zone, is located inland of a V-Zone or near 
1.1.0 INTRODUCTION
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a water source where there are no V-Zones 
mapped, and can also be located in the 100-
year floodplain, but not subject to high-velocity 
waves of 3-ft or more. The 2013 FIS provided 
by FEMA includes updated boundaries for 
the flood zones V and A, but also introduces 
“Coastal Zone A,” which is defined by the Limit 
of Moderate Wave Action (LiMWA). 
The National Flood Insurance Program (NFIP) 
was developed by Congress in 1968 and is 
overseen by FEMA. This program enabled 
property owners to purchase insurance 
protection against losses from flooding, and is 
designed to give property owners an alternative 
to recover in the event of a disastrous flood. 
This is a regulation that is enforced by the 
Act. The NFIP is an agreement between local 
communities and the federal government 
whereby property owners will adhere to the 
floodplain management ordinance to reduce 
the impacts of flood disasters and the federal 
government will make flood insurance 
available to those groups as a financial 
protection against flood losses. However, 
the NFIP is not adequately funded and the 
premium rates do not cover the government’s 
exposure in the event of a flood disaster. And 
the NFIP was created in an effort to reduce 
the federal expenditures to disaster relief, 
when it actually increased their costs because 
subsidies were given to properties from areas 
before Flood Insurance Rate Maps (FIRMs) 
were available [7]. Once a community adopted 
the NFIP regulations, FIRMs were drawn, and 
some regions developed their FIRMs earlier 
than others. For example, New York City had 
the first FIRMs drawn in 1983, and Naples, 
Florida had their first FIRMs drawn in 1971. 
The FIRMs were also redrawn in New York and 
New Jersey following Hurricane Sandy. 
In summary, “as the climate changes, raising 
the prospect of stronger storms coming more 
frequently, the risks that New York City,” 
and other metropolitan cities face “will only 
intensify” [4]. Government organizations and 
regulations exist to aid in the protection of the 
people, but the policies/regulations in place are 
not flexible enough to adapt at the same pace of 
a changing environment. 
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The National Oceanic and Atmospheric 
Administration (NOAA) lists flooding disasters 
as among the most expensive and damaging 
natural events, and climatological patterns 
provided by the organization suggest they will 
increase in frequency and intensity with the 
effects of global climate change [8]. As the 
water tables continue to rise exponentially, 
there will be increased vulnerabilities along 
coastal regions, and more frequent revisions to 
Flood Insurance Rate Maps (FIRMs). 
Another growing trend is the shift towards 
urbanization and the migration from the 
suburbs into metropolitan areas. “Presently 
about 40% of the world’s population lives 
within 100 km,” or within about 62 miles from 
the coast [9]. The United Nations projects that 
“by 2050, 66 per cent of the world’s population 
is projected to be urban [10].” Cities along 
coastal regions are the most vulnerable due 
to the high-density of built structures and 
reduced surface area to absorb or retain 
floodwaters. As global climate change increases 
the intensity and frequency of flooding 
disasters accompanied by rising water levels, 
buildings that were not in the floodplain 
are now, or will possibly find themselves in 
updated FIRMs. The process of adapting (or 
retrofitting) existing buildings provides an 
opportunity to decrease vulnerabilities while 
increasing resilience for coastal communities, 
allowing them to transition into the recovery 
phase quicker. 
Therefore, as populations continue on the 
urbanization trajectory, there is a growing 
need to adapt the structures within current 
and future flood paths to be more resilient. 
Following a study on nuisance flooding 
increases published by NOAA, Holly Bamford, 
Ph.D., a NOAA assistant administrator 
says that “achieving resilience requires 
understanding environmental threats and 
vulnerabilities to combat issues like sea 
level rise,” and asserts that “actionable 
environmental intelligence” can guide coastal 
resilience efforts [11]. The guides and toolkits 
currently available provide retrofitting 
recommendations for single-family homes or 
non-residential structures, but there is a lack 
of resources available for retrofitting urban 
buildings. That is where the thesis research 
begins. 
Insurance companies have also taken a growing 
interest in the field of design resilience as they 
have an obligation to limit potential losses 
and save human lives. The costs to both the 
property owner and insurer after a disaster 
are considerable, therefore a comprehensive 
analysis of modifying current urban buildings 
will help determine whether investing in 
resilience strategies are worth the expense to 
all involved. The findings will help stakeholders 
make better-informed decisions regarding 




In ancient Mesopotamia (around 3500 B.C.E), 
cities first developed along the Tigris and 
Euphrates rivers, the Indus River, and Nile 
River that started in the mountains of central 
Africa  [12]. At this time, the same patterns of 
settlements existed in the Americas and Sub-
Saharan Africa, because access to water was, 
and still is, a valuable resource for agriculture 
and trade. The Egyptians would build flood 
basins to capture the Nile’s summer floodwaters 
as it traveled to the Mediterranean Ocean, rich 
with silt, that would regenerate the soils for 
agriculture [12]. Historically, flooding was a 
part of the natural process of life and harnessed 
for the benefit of early developing cities. 
Today, the “urban population of the world has 
grown rapidly since 1950, from 746 million to 
3.9 billion in 2014,” creating a stress on access 
to water resources [10]. Cities are also central 
hubs providing links to rural and suburban 
areas “as they concentrate much of the national 
economic activity, government, commerce and 
transportation,” with better access to health 
care, social services, education, and cultural 
and political participation [10]. It is widely 
accepted that the trend in urbanization has 
trade-offs, especially pertaining to sustainable 
development in countries that are ill-equipped 
with the resources and infrastructure to 
support the rush of population growth that is 
increasing quickly. 
Dense multi-family, or multi-story building 
stock in coastal areas “face challenges that 
differ significantly from those facing the single-
family homes,” and cities will need to adapt to 
the growing risks it faces because of climate 
change” [13]. To adapt means to become 
adjusted to new or changing conditions. 
Retrofitting, which can also be understood 
to mean adapting, is to add a component to 
an existing entity that was not present at its 
inception. This type of preparedness is crucial 
to becoming better equipped to respond to 
disasters. 
Disasters are emergency situations defined by 
the characteristically unplanned and sudden 
interruption of normal life by a natural or man-
made event with (sometimes) unforeseeable 
consequences. According to the Homeland 
Security Digital Library there are four phases of 
emergency management that run in a continual 
cycle: mitigation, preparedness, response, and 
recovery. The four phases consider lifelines 
- facets required to operate a building or 
community - that reflect where a disaster event 
is located on the continuum. The mitigation 
phase aims to reduce the cost of response and 
recovery by protecting people and structures. 
Preparedness measures aid in reducing the 
impact of disasters on a given scenario to 
shorten the response and recovery phase. The 
response phase occurs immediately following 
a disaster event and involves continuation of 
critical services and restoring services essential 
to a given community. And entrance to the 
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recovery phase indicates a return to normal 
life, likely different, but functional. 
As natural disasters have become more 
frequent, global climate change being the 
main offender, sustainability concerns have 
pushed policymakers and practitioners to take 
notice. The term sustainability is a notoriously 
ambiguous term to describe a complex 
series of systems and patterns, which has 
saturated mainstream culture. The Brundtland 
Commission defines sustainability as “meeting 
the needs of the present without compromising 
the needs of the future” [14]. So if sustainability 
encompasses “fixing present-day problems” 
as well as “creating a positive vision of the 
future,” then as it is presently defined, the 
term “Sustainability” reflects a kind of stasis 
of “simply surviving” [15]. John Ehrenfeld, 
the Executive Director of the International 
Society for Industrial Ecology, a professor and 
writer from MIT, came up with a word as a 
“workable metaphor for the bundle of things 
that make life worth living and produce well-
being”: flourish [15]. The concept of flourishing 
is dynamic, changing, and more in line with 
the goals of sustainability than the word itself. 
Ultimately, making healthy ecological decisions 
should not depend on the catchiness of a 
word, but the overall concept. However, one 
can see the allure and benefit, specifically in 
propagating education about the complexities 
of sustainability, a word can be useful. 
An over-dependence on fossil fuel 
consumption has increased the carbon 
emissions worldwide. The heat generated 
is trapped in the Earth’s atmosphere and 
is causing rising sea level and interrupting 
climatological systems. “The building sector 
contributes up to 30% of global annual 
Greenhouse Gas emissions and consumes up to 
40% of all energy,”  jeopardizing sustainability 
initiatives [16].  The Intergovernmental Panel 
on Climate Change published the IPCC 
Technical Paper VI, which addresses the issues 
of climate change on freshwater. It discusses 
sea-level rise only in reference to impacts 
on salinization of groundwater, because 
“sea levels are rising now and are expected 
to continue rising for centuries, even if 
greenhouse gas emissions are curbed and their 
atmospheric concentrations stabilized” [17]. 
The implications of global climate change are 
understood to also increase the frequency and 
intensity of severe weather events [18]. These 
issues and more have a profound effect on the 
social, economic and environmental aspects of 
our lives, and provide the foundation on which 
to develop a more robust system to address and 
incorporate competing values. 
Global climate change patterns are indicating 
the measures taken over the last sixty years of 
building code may not be sufficient, especially 
as the hundred-year floodplain is being met 
and exceeded more frequently. The “rising 
ocean heat content (and hence ocean thermal 
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expansion) is an important element of climate 
change and sea-level rise,” contributing to 
approximately 1.7 mm/yr increase over the 
last century [17]. Rising water levels will 
slowly encroach on coastal regions, displacing 
hundreds of thousands of people who have 
made it their primary residence. For this reason 
it will become increasingly important for all 
stakeholders to be empowered to make better 
informed decisions to retrofitting an existing 
building for flooding. 
 
An investigation in the National Journal by 
Carol Davenport published in February 2013 
compiles information from varying sources, 
including national flood insurance premiums 
costs over the last thirty years, to sea-level 
concerns for the U.S. coasts. A study conducted 
by the consulting firm Mercer indicated that 
“catastrophes globally have more than doubled 
in the past 30 years” [19]. This article gives 
more confidence there are very distinct and 
irrefutable connections between the effects of 
global climate changes and the cost people are 
not fully aware of until it destroys their home 
or place of business. 
Davenport interviewed people, particularly 
business owners from the east coast of the U.S., 
who have had to deal with extreme flooding 
and loss of production. People want some 
kind of permanent solution as opposed to the 
temporary fixes like a “door-dam” system that 
costs upwards of $12k. This article presses the 
issue that retrofitting is imperative to future 
sustainable developments in flood-prone areas, 
but can also be limited to financial capacities. 
Professionals and property owners want to 
know where they can get the most ‘bang for 
their buck’. 
 
Another article in the L.A. Times by Kenneth 
R. Weiss published in December 2012 supports 
the information collected by Davenport by 
including information about the growing 
interest from the insurance industry [20]. 
There were 1,148 studies done in 51 countries 
to total $2 trillion dollars in climate change 
mitigation activities. Insurance companies are 
trying to understand how the monetary value 
for reducing driving factors for climate change 
will have an effect on the growth of the country 
and businesses. The insurance sector pays 
roughly $50 billion a year in weather/climate 
damage related losses, and the claims have been 
doubling since the 1980s. The 2008 economic 
downturn has forced companies worldwide to 
reevaluate efficiencies, and the insurance sector 
believes they cannot afford to ignore the effects 
of climate change. The World Bank estimates 
“global economic losses from dis asters totalled 
USD 629 billion” in the last two decades, with 
urbanization and climate change among the 
threats facing the built environment [21]. 
 
The costs of climate changes will also have an 
effect on code regulations. An article from the 
National Fire Protection Association by Shelly 
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Reese indicates building code requirements 
have encompassed the minimum requirements 
for such extreme events as earthquakes and 
hurricanes in some areas of the county. The 
article discusses mostly code driven issues that 
have an impact on residential and commercial 
buildings when sustaining the most hazardous 
weather scenarios. For example, the CUREe-
Caltech Woodframe Project was developed 
in an effort to mitigate earthquake impacts 
after the Northridge quake caused nearly $40 
million in damages, double what insurance 
companies had predicted or planned for [22]. 
The pattern is a series of ad-hoc solutions 
following a disaster. 
 
An article published through Environmental 
Building News by Alex Wilson,  founder of  
BuildingGreen.com and the Environmental 
Building News (EBN) publication, introduces 
the concept of “passive survivability” and its 
importance in light of recent catastrophic 
events such as Hurricane Katrina and the 
Chicago Heat Wave of 1995. Wilson argues that 
a return to the “regional diversity of vernacular 
architecture”, in that there were specific reasons 
homes were built to maintain comfortable 
living standards before the introduction of 
HVAC and generators based on the specific 
environmental considerations for a specific 
location [23]. Therefore, any developed 
solutions need to be specific to the location and 
specific to the context of the structure.
However, Wilson did not mention anything 
about what to do with existing buildings that 
do not meet the “passive survivability” model. 
It is much more feasible to apply resilience 
strategies to a new structure, because setting 
these goals during the Schematic Design and 
Design Development phase of a project have 
demonstrated the most impact. There is a 
growing need to retrofit existing buildings to 
adapt and rebound from extreme flooding 
events instead of continually rebuilding.
Protecting a building from flooding does more 
than extend the service life of the structure. It 
protects the investment of embodied energy 
in the materials that comprise that structure, 
reducing the waste and debris accumulation 
following a disaster. If a building is in a flood 
plain, simply waiting until the structure is 
Significantly Damaged (SD) often requires 
rebuilding and possibly relocating, further 
contributing to sustainability challenges 
in the building and construction industry. 
Adapting buildings to be resilient to flooding 
would be a proactive approach to salvaging 
buildings along the coast, reducing waste 
while maintaining the community fabric. 
Resilience is most appropriately defined as “the 
ability of an entity – e.g., asset, organization, 
community, region – to anticipate, resist, 
absorb, respond to, adapt to, and recover from 
a disturbance” [24]. This definition comes 
from disaster mitigation resources. Just as 
the hydrological cycle is constantly moving 
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through a series of steps, the process of 
resilience is in continual motion, which makes 
it a perfect construct to approach flooding 
disasters with. Resilience takes into account 
that there will be variables unaccounted for, 
and that it is an iterative process with feedback 
cycles, constantly evolving. FEMA even uses a 
variation of the resilience definition as part of 
their job description - previously mentioned 
in this document as coordinating “the federal 
government’s role in preparing for, preventing, 
mitigating the effects of, responding to, and 
recovering from all domestic disasters, whether 
natural or man-made, including acts of terror” 
[5]. All roads to a flourishing urban landscape 
points to resilience as the vehicle.  
The term resilience has evolved as a concept 
and developed various definitions just as 
the term sustainability has over the years. In 
terms of disaster relief, resilience signifies  a 
process whereby a scenario can transition 
from an emergency situation to full recovery. 
Simultaneously, the Resilient Design Institute 
(RDI) defines resilience as “the capacity to 
adapt to changing conditions and to maintain 
or regain functionality and vitality in the 
face of stress or disturbance.” Essentially, the 
RDI determines resilience to be the ability 
or inability of a building or community 
to bounce-back in the event of a disaster. 
Further exploration of the work from RDI 
led to understanding a need for buildings to 
retain their function before, during and after a 
disaster, which means lifelines should remain 
intact. 
The term Resilience was first introduced in 
the field of ecology in the 1970’s to “describe 
the capacity of system to maintain or recover 
functionality in the event of a disruption or 
disturbance,” and is “applicable to cities because 
they are complex systems that are constantly 
adapting to changing circumstances” [25]. 
The Rockefeller Foundation developed a 
report called City Resilience Framework, 
which has created a framework to express 
the urban resilience goals of the foundation. 
It presented seven qualities it found to be 
most prevalent of resilient systems: reflective, 
robust, redundant, flexible, resourceful, 
inclusive, and integrated [25]. As extreme 
climatological events are presumably going 
to increase based on scientific projections, it 
becomes “incumbent upon those responsible 
for planning, designing and constructing the 
built environ ment today” to employ resilience 
[21]. In 2012 it was estimated by the European 
Environment Agency that “more than $21 
billion of material damages were associated to 
rebuilding costs after major flood events,” and 
mitigation strategies alone are not enough [26]. 
The patterns suggest a  pro-active approach to 
retrofitting strategies will allow cities to adapt 
and achieve resilience.   
An article published for the 6th International 
Conference on Flood Management in 
September 2014 by Huynh, et al. proposed 
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an integrated approach to coastal flood risk 
management to build resilient communities. 
The authors link “population pressure 
and increasing economic activity” with 
environmental degradation along the coast, 
eliminating nearly half of the world’s wetlands 
and mangroves that would act as “buffers 
against storm surges...thus increasing the flood 
risk to populations in coastal areas [27]. As the 
issues around flooding require the input from 
a variety of disciplines, the author’s call for an 
Integrated Coastal Management (ICM) system, 
which is “an internationally accepted approach 
to managing resources allowing policy 
makers and planners to take population and 
economic issues into account when looking 
at the pressures, threats, and opportunities 
facing coastal areas” [27]. The ICM “s a process 
of governance that consists of the legal and 
institutional framework necessary to ensure 
that development and management plans for 
coastal zones are integrated with environmental 
and social goals, and are developed with the 
participation of those affected” [28]. The 
U.S. Coastal Zone Management Act of 1972 
was influential in the ICM development 
because of the goals to harness the natural 
beneficial characteristics of the coast to reduce 
vulnerabilities. There has been a lot of interest 
from other countries interested in adopting 
the ICM, but further development needs to be 
made to integrate other bodies of water (rivers, 
lakes, etc.) for a more holistic approach. 
After first introducing the term “passive 
survivability,” Wilson refined his argument 
for “resilience” as a more understandable and 
“salable priority” [29]. As Davenport had 
mentioned the increasing costs associated with 
climate changes, Wilson illustrates how the 
“Department for Homeland Security and U.S. 
military are embracing resilient design and 
net-zero goals because they must: it’s a matter 
of saving lives – not to mention billions of 
dollars.” Wilson added that in 2011, the U.S. 
spent “$50 billion in economic losses” due to 
weather-related disasters [29]. In 2012, the 
DHS launched the Resilience STAR, a pilot 
certification program that aims to make homes 
and buildings more secure and resilient to all 
hazards” [30]. In cooperation with FEMA, 
insurers, and members of the private sector, 
the pilot will assist in the redevelopment of 
impacted areas. An article by Groot et al. 
corroborates the need for more integrative 
and trans-disciplinary research involving 
scientists and stakeholders. The increasing 
complexity of these problems calls for “more 
input from various disciplines and sectors,” 
more “effective multi-level governance,” and a 
“solution-oriented  research approach requiring 
knowledge production beyond problem 
analysis” [24]. In addition, the stakeholders 
values and needs also must be included to 
“provide guidance for intervention strategies” 
[24]. Therefore, a trans-disciplinary method 
would be the most successful. 
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Involving stakeholders is a key opportunity for 
strengthening the initiatives for more resilient 
communities. The Rockefeller Foundation’s 
City Resilience Framework report states that 
when individuals and communities know 
what to do during unexpected events they 
“are invaluable assets to a city,” because they 
are empowered “to take appropriate decisions 
in the face of shocks and stresses” and are 
“better positioned to act, learn, and adapt” 
[25]. In order to truly understand “how to 
improve flood resilience, we need to measure 
and monitor the key metrics and activities 
that make a community resilient” [31]. A 
report supported by the Zurich Insurance 
Company titled Risk Nexus proposed a set 
of two metrics: the “Four R’s” (robustness, 
redundancy, resourcefulness, rapidity; and the 
“Five C’s,” (physical, financial, human, social, 
natural). The ‘Four R’s’ are metrics related to 
a community’s resilience, and the ‘Five C’s’ 
relates to a community’s capital. The main 
benefit of this approach being that “it can be 
applied to virtually any community worldwide,” 
and therefore, also a more valuable tool in 
spreading education about flooding resilience 
[31]. As the literature has previously stated, 
education is a key component, and requires 
many people to be involved, and addresses 
the capacity of a community to get access to 
current  information and technology.  
 The aftermath of an extreme event can leave 
an interruption in power supply, heating fuel, 
and water access, which can severely impact 
the survivability of affected individuals. Wilson 
urges, “true resilience means being prepared 
for the much longer-term disruptions these 
disasters leave behind” [29]. The DHS 2011 
progress report worked with “federal, state, 
local, and private sector partners to ensure 
a swift and effective recovery effort” [30]. 
The stance of the DHS is no different from 
the building construction code regulations: 
a primarily reactive approach. But resilient 
design “recognizes the natural processes of the 
hydrological cycle and the role of soil, plants, 
and reservoirs in holding and using water [2]. 
We have an opportunity to utilize resilient 
strategies to redefine how and where we build 
“in order to preserve regional water balance 
and water supply to sustain our regions and 
communities” [2]. 
Managing flood risks appropriately can 
provide opportunities for innovation. Repeated 
exposure to flooding can trap communities 
in a vicious “cycle of poverty,” and informed 
development can aid in providing “avenues 
to build and/or reinforce [a community’s] 
defenses and take measures to reduce 
vulnerability prior to a flood event” [31]. 
Existing guides and architectural precedents 
illustrate some of these solutions. 
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In January 2013, the Sandy Recovery 
Improvement Act (SRIA) and the Disaster 
Relief Appropriations Act were signed 
into legislation by President Obama. The 
SRIA significantly changed the approach 
for regulations and improved assistance 
for providing relief following a disaster. In 
the months following the enactment of the 
SRIA,  there was a growing body of research 
and projects that have incorporated flood 
resilient strategies aimed at better preparing 
coastal communities for future flooding 
disasters. The SRIA “provides substantially 
greater flexibility in use of federal funds for 
Public Assistance applicants and far less 
administrative burden and costs for all parties, 
if applicants accept grants based on fixed, 
capped estimates, which may be provided by 
applicants’ licensed engineer and validated by 
independent expert panel” [32]. In addition 
to architectural precedents, other research 
from across disciplines have developed guides 
to inform professionals and property owners 
about retrofitting options. Existing flood 
design guides and toolkits were examined 
to determine where each was successful and 
where there were gaps in information. The 
Precedent Studies have been separated into two 
categories: 1. Flood Retrofitting Toolkits and 
Guides; 2. Building Projects that adopted some 
of the strategies outlined in the toolkits and 
guides. Each precedent is summarized and then 
analyzed using a pro-con method, highlighting 
the resilient aspects of each. As the research 
in flood-resilient design is currently being 
developed and adopted, there are few built 
architectural precedents, and fewer that have 
been tested against an actual flooding disaster. 
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FEMA Guides
FEMA has developed a series of resources, all 
available online to support property owners 
and professionals in retrofitting flood resilient 
strategies. Although the guides are focused 
more on single-family housing units, the 
strategies are intelligible for the average person 
to understand. The guides can be downloaded 
from their website free of charge.
“Homeowners Guide to Retrofitting” (P-312)
As the third edition to FEMA P-312, 
Homeowner’s Guide to Retrofitting, was 
updated following Hurricane Sandy and in 
response to redrawn FIRMs. The document 
lists six retrofitting methods for homeowners to 
consider in rebuilding or preparing for flooding 
disasters. The six methods are: elevation, 
relocation, demolition, wet-floodproofing, 
dry-floodproofing and barrier systems. 
The six strategies approach breaks up the 
applicable strategies into groups, or umbrellas. 
For example, the Elevation method involves 
raising the elevation level of the first floor of a 
home, then also relocating the mechanical and 
electrical services, and potentially filling in a 
basement or cellar. Each method is outlined 
with case studies in addition to a table of 
advantages and disadvantages. The methods 
also include a “Relative Costs” table with a 
simple High to Low scale. In elevating a home, 
the table shows the lowest relative cost is with 
a frame construction type with an existing 
foundation of a “basement, crawlspace, or open 
foundation”, and then retrofitted to be elevated 
“on continuous foundation walls or open 
foundation” [33]. 
The literature cautions early in Chapter 2 where 
there would be restrictions on retrofitting 
measures available to Substantially Improved 
(SI) or Substantially Damaged (SD) properties. 
As defined by the NFIP, a Substantially 
Improved  is “an improvement of a building 
(such as reconstruction, rehabilitation, or an 
addition)... if its cost equals or exceeds 50 
percent of the market value of the building 
before the start of construction of the 
improvement [33]. As defined by the NFIP, 
Substantial Damage is  “damage to a building, 
regardless of the cause...if the cost of restoring 
the building to its before-damaged condition 
would equal or exceed 50 percent of the 
market value of the building before the damage 
occurred [33]. Dry Floodproofing and barriers 
are two methods that cannot be used to have 
a Substantially Damaged or Substantially 
Improved building comply with a community’s 
floodplain requirements. The options outlined 
by FEMA in this case are one of the following: 
relocate the home; elevate the home; wet 
floodproof in addition to elevating the home; 
demolishing.  
The “Homeowners Guide to Retrofitting” 
contains dense material, and cautions the 
implementation of any of the strategies without 
seeking professional assistance. Therefore, 
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it acts as more of an educational tool than 
implementation toolkit. 
“Benefit-Cost Analysis (BCA) version 5.1”
In April 2014, FEMA released the Benefit-
Cost Analysis (BCA) tool 5.0 tool. The BCA 
tool requires software to download (Windows 
platform only), written materials to study, 
and product training courses. The output for 
this program is a Benefit-Cost Ratio (BCR). 
“The Stafford Act authorizes the President 
to establish a program to provide technical 
and financial assistance to state and local 
governments to assist in the implementation 
of hazard mitigation measures that are cost 
effective and designed to substantially reduce 
injuries, loss of life, hardship, or the risk of 
future damage and destruction of property” 
[34]. The BCA is what FEMA uses to justify the 
assistance.
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Table 1: FEMA Guides Pro-Con List
Table 1
PROS CONS
1. There is a plethora of information available 
for the savvy property owner. 
1. The amount of content is scattered 
throughout the website; not as connected as it 
should be. 
2. FEMA's guides provide a preliminary costs 
estimator in terms of "high to low" 
2. The "Retrofitting Methods" matrices would 
be more useful if more robust and 
comprehensive. 
3. The "Retrofitting Methods" matrices are 
simplified.  
3. Levees, demolition, and relocation are NOT 
retrofitting options.
4. The applications and programs can be 
installed on your windows platform device 
and customized by user. 
4. Levees do not apply to an urban setting.  
5. As property owner, there is no connection 
or mention of the FEMA NFIP ICC limitation 
in retrofitting coverage. 
6. There is no mention of sustainability 
initiatives or green building
7. The guide fails to explain the reasons 
behind the decisions; for example, it does not 
explain WHY the SI or SD has restrictions. It 
points you to other documents - a typical 
homeowner is not going to go searching for 
that. 
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NYU Furman Center “The Price of Resilience: 
Can Multifamily Housing Afford to Adapt?”
In conjunction with the American Institute 
of Architects New York Chapter (AIANY) 
and Enterprise Community Partners, the 
NYU Furman Center compiled a report of 
workshops held to perform feasibility studies 
on different multi-family properties in New 
York City. The threats to affordable housing 
with the new FIRMs was also considered. This 
study converges the needs of the users as well 
as the cost-effective analysis required to make 
better informed decisions as most coastal 
communities adopt new resilience strategies. 
The Furman Center report provided three 
case studies of actual buildings within the five 
boroughs. The first case study is of 445 Baltic 
Street in Brooklyn, NY, a low-income housing 
unit that was flooded during Hurricane 
Sandy and in the 500-year floodplain. It was 
not required to get updated flood insurance 
because of its location, but various strategies 
were explored to make the building more 
resilient in the event of a future storm. For 
example, dry floodproofing the cellar (where 
the electrical and mechanical equipment was 
housed) would cost an estimated $450,000, 
but “dry floodproofing is not compliant with 
NFIP guidelines for residential buildings in the 
100-year floodplain...even if dry floodproofing 
will further resilience goals, it will not help 
reduce insurance premium rates”[13]. But it is 
still recommended by the report for property 
owners to consider this strategy and weigh the 
costs and benefits of implementation.
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Table 2: NYU Furman Center Report Pro-Con ListTable 2
PROS CONS
1. The case studies help hone the importance 
of developing strategies that are unique to the 
urban landscape. 
1. The high estimated costs of 
implementation might deter someone 
from further investigating flood-
resilient options; also based on NYC 
rates (should be relative to something 
that is more of a ratio to be applicable 
in other parts of the country).  
2. Diagrams and illustrations communicate 
content across levels of understanding; anyone 
could read through the report. 
3. Reports points out the limitations of FEMA 
regulations.
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Torrens Resilience Institute
The Torrens Resilience Institute (TRI) of 
Australia developed a “household disaster 
resilience toolkit to be used by government, 
non-government and community based 
organisations” to better prepare potentially 
vulnerable households for disasters [35]. 
The Commonwealth Government National 
Emergency Management Program funded 
the project, which aims to connect Agencies 
with potentially vulnerable households in 
Australia. It is not a tool that can be totally 
completed by a homeowner, but it is mentioned 
that the homeowner must take some of the 
responsibility for making sure their property is 
adequately prepared. 
The Household Disaster Resilience Tool is 
divided into two main parts: 1. The Agency 
Resource Tool; 2. The Household Resilience 
Conversation Guide. It is designed to be 
completed by the Agency as a way to “stimulate 
conversation about disaster resilience and 
provide information to members of potentially 
vulnerable households.” [35] The tool acts as a 
preliminary and all-encompassing resource to 
understand the potential vulnerabilities. 
Table 3: Torrens Resilience Institute Guide Pro-Con ListTable 3
PROS CONS
1. As an educational tool, the Household 
Disaster Resilience Project helps connect a 
professional with single-family units to discuss 
their vulnerabilities to disasters. 
1. The tool is all-encompassing, which 
doesn't make it particularly beneficial 
to target the specific disaster to build 
resilience for. 
2. It requires a professional guide the head of 
the household through the process.
3. It starts the conversation but does not offer 
support in terms of actionable items. 
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NYCDCP Designing for Flood Risk
The New York City Department of City 
Planning (DCP) developed Designing for 
Flood Risk, a study on the strategies for 
designing urban buildings to be more resilient 
to flooding disasters while maintaining 
the architectural vernacular. Published in 
June 2013, it was funded by the New York-
Connecticut Sustainable Communities 
Consortium with the support from a Regional 
Planning Grant from the U.S. Department of 
Housing and Urban Development [6]. There 
are redundancies between the NYCDCP 
Retrofitting Buildings for Flood Risk report 
and this document, as it was published over 
a year before it as a preliminary investigation 
following the devastation of Hurricane Sandy. 
The goal of the study is to “identify urban 
design principles to guide new construction 
that adheres to flood protection standards” 
and make “recommendations for how zoning 
can incorporate these principles” [6]. In the 
“pre-Sandy” design charrette the Design for 
Risk and Reconstruction Committee of the 
American Institute of Architects (AIA) were 
tasked with a hypothetical change in elevation 
for a multi-story building in New York City. 
Of the outcomes, important questions and 
discoveries were made, including a concern 
that flood protection may not be able to occur 
at the building scale. More effective flood 
resistance would occur at the neighborhood or 
community level. Alternative design solutions 
were discussed, in some cases completely 
elevating the sidewalks of every building. The 
“post-Sandy” design charrette “highlighted 
the necessity to update and align regulations 
for buildings in flood zones to accommodate 
flood resilience measures made more urgent 
by Hurricane Sandy and ongoing rebuilding 
efforts” [6]. Ultimately, the conclusions of the 
study point to the need for more flood-design 
methodologies for the urban environment and 
a coordination between zoning/building codes 
and the practitioners who design for flooding.
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Table 4: “NYCDCP Designing for Flood Risk” Guide Pro-Con ListTable 4
PROS CONS
1. Highlights Urban Design Principles 1. Simplified information is difficult to 
rely on to understand flooding 
regulations completely 
2. Documented charrettes 2. Very simple overview
3. Pointed out gaps in knowledge
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NYCDCP Retrofitting Buildings for Flood Risk
Published in October 2014 as a more 
comprehensive guide following the NYCDCP 
Designing for Flood Risk document (over a 
year later), it provides details on the multitude 
of strategies (referencing FEMA’s guides) 
as well as a series of case studies catered to 
different building typologies (multi-story 
building, bungalow, etc.). 
The first three chapters contain information 
that can also be found in FEMA’s guides and 
in the other toolkits here. The Case Studies 
chapter is thorough with distinct building 
typologies  and appropriate applications of 
strategies separated into three categories: 
single and two family buildings; multi-family 
buildings; and mixed-use buildings. The report 
concludes with a discussion on NFIP reform, 
calling for a continued “need for FEMA 
guidance on how to apply existing methods to 
urban typologies” [3]. There is a disconnect 
between how professionals are recommending 
to build for flood resilience and what is 
compliant with the governing organizations 
(NFIP, FEMA, etc.).
Table 5: “NYCDCP Retrofitting Buildings for Flood Risk” Guide Pro-Con List
Table 5
PROS CONS
1. Lots of pictures and information - across 
boundaries for comprehension levels
1. No cost estimating
2. Educational tool 2. No matrices for customization or to apply a 
scenario by a single property owner. 
3. Discusses opportunities for NFIP reform. 3. Is it oversimplified and too generic? Is that a 
good or bad thing?
4. Comprehensive 4. Took a lot of content from the "Design for 
Flood Risk" document
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FAR ROC Design Competition 
Rockaway, Queens, NY
The Rockaway Peninsula of Queens, NY was 
completely devastated by Hurricane Sandy in 
2012. Many argued that there should not be any 
rebuilding in the 80+ acre site of Arverne East. 
The FAR ROC (For A Resilient Rockaway) 
Design Competition called on architects, 
engineers, and planners from around the 
world to submit entries to the first phase of the 
rebuilding process. The winning team came 
from White Arkitekter in Stockholm, Sweden, 
with a solution titled “Small Means and Great 
Ends.” The plan incorporates a series of small, 
affordable, and “smart interventions” centered 
on three stages: “reduce and control damage, 
provide access in the event of a storm, ensure 
quick recovery” [36]. The design goals were to 
better weather future natural disasters, create 
a stronger socio-economic environment to 
become “antifragile,” as the team puts it, and to 
design a community that benefits and improves 
after enduring stress. 
No information has been updated since 
the October 2013 announcement of the 
competition winners. The project is listed on 
the firm’s website: www.white.se.
Table 6: FAR ROC Design Competition Architectural Precedent Pro-Con ListTable 6
PROS CONS
1. Using man-made landforms in the coast to 
buffer surges. Planning for the disaster is a 
proactive approach as the city rebuilds. 
1. As a reconstruction, and still in 
progress, this design has not been 
tested so the validity of the proposed 
solutions is still in question. 
2. Incorporates holistic resiliency as 
foundation for design
2. Design aesthetic is Scandinavian - does not 
reflect on urban environment; looks implanted
3. Considers solution at the community level. 
4. Beautiful graphics that communicate 
concepts effectively
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Empire Stores - Dumbo, Brooklyn, NY
Designed by the NYC firm Studio V, the 
adaptive reuse of the Empire Stores building 
in Brooklyn, NY is an example of design 
ingenuity and a strong response to coastal site 
vulnerabilities. The building used to hold the 
largest coffee warehouse in New York. The 
brick building with iconic arched windows is 
being converted into a mixed-use retail and 
office complex to reconnect the neighborhood 
to the water. 
With challenges of the proximity to the harbor, 
Studio V contracted the company Aquafence 
to create a deployable barrier in the event of a 
flood disaster. 
Studio V’s principal architect, Jay Valgora, was 
involved in the development of the Waterfront 
Edge Design Guidelines (WEDG), in 
conjunction with the Metropolitan Waterfront 
Alliance (MWA). It was launched in November 
2014 as a graded system for developing 
appropriate designs on projects adjacent to 
water,  similar to the LEED® credits metrics. 
WEDG seeks to promote “good design that 
results in resilient, accessible waterfronts that 
allow us to live in the water, instead of fighting 
it” [37]. Water-friendly design is starting to 
be expressed as a resilient strategy by working 
with the natural rhythm of the element. 
Table 7: Empire Stores Architectural Precedent Pro-Con ListTable 7
PROS CONS
1. This project is a successful example of 
adaptive reuse while considering the 
implications of a coastal site. 
1. Has not been completed, and 
therefore not tested against real-life 
flooding conditions
2. The deployable barrier by AquaFence that 
can be assembled in anticipation of a flood. It 
uses the weight of the water to hold up the 
fence.  
2. Did not elevate property 
3. Reuse of existing building.  3. Not a holistic and resilient approach; no 
"resilience" plan or timetable was mentioned. 




Availability of Research Little to no explanation behind 
decisions for strategy 
Some preliminary costs  Do not mention sustainability or ecological 
considerations
Grouping strategies are easier to understand Do not always incorporate the costs
Applications Available Applications need to be installed on a 
computer (Windows based platform)
Diagrams aid in communicating the concepts Overs-implication to the point of unusable 
information 
Educational content aims to explain concepts Content is scattered, difficult to cross-reference
Discuss opportunities for NFIP and 
regulations reform
Does not apply to urban setting
Levees, demolition and relocation are not 
“retrofitting” methods
Use “umbrella” terminology to group together 
strategies (i.e. wet floodproofing, elevation, 
etc.)
Table 8: Pro-Con Summary from Guides and Toolkits




Stunning designs Does not speak to local architectural 
vernacular of site 
Incorporates holistic resilience as underlying 
guiding principle to design
Design may rely too much on only a single 
flood resilience strategy at a time
Considers solution at the community level Not tested…yet
Adaptive reuse No timetable mentioned for resilience
Does not consider the phases of emergency 
management and how the solutions/design 
address that
Table 9: Pro-Con Summary from Architectural Precedents
CHAPTER 2: THE METHOD
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This chapter will analyze and synthesize the 
information provided by the literature and 
precedents in the preceding chapters. The 
literature shows a growing need for retrofitting 
urban buildings with adjacencies to water, 
and the precedents show that there is still 
no comprehensive solution for retrofitting 
buildings in a dense urban environment. 
As the leading governing body on disasters, 
the guides and literature published by FEMA 
are referenced in the other precedent. As 
FEMA established the set of six retrofitting 
methods (elevation, relocation, demolition, wet 
floodproofing, dry floodproofing, and barrier 
systems), it hasn’t been questioned. There are 
zoning codes, building codes, and other local 
and regional edicts that are referenced. This 
complicated web of regulations, command and 
control, simultaneously helps keep people safe 
and hinders the advancement of innovative 
solutions to very present and unavoidable 
flooding events. 
My method is to approach a solution by first 
deconstructing the current “umbrellas” for 
retrofitting strategies to better evaluate the 
actionable items. As single strategies the cost-
benefits could be assessed and tailored to 
unique building conditions. This approach 
allows us to ask multiple solutions if they 
will function in specific scenarios. With 
an “umbrella” strategy such as “Elevation” 
too many factors fall into that category to 
effectively evaluate it for a specific building. 
My approach in analyzing the individual 
strategies also echoes to the increase in 
urbanization. Living in a dense city has 
undeniable benefits and conveniences, as well 
as a certain aesthetic appeal. Cities are defined 
by unique urban centers within blocks of 
each other acting as epicenters for activities 
and congregations of people. These unique 
parts of cities evolved through immigration, 
industrialization, and the fluctuations that is 
brought on by change and time. The “umbrella” 
terms will never work for an urban landscape 
that has grown and evolved in this manner. The 
solution will be more tailor-made to suit, like 
a kit-of-parts, where the solution to making a 
building more resilient to flooding will be as 
unique as the city it resides in. 
The historical background along with the 
architectural and guideline precedents provide 
a list of potential options for retrofitting 
urban flood resilience. The information from 
the precedents lead to the comprehensive 
collection of available retrofitting strategies 
to evaluate. The analysis of the available 
retrofitting toolkits provided a baseline of 
resources that stakeholders (property owners, 
insurance companies, etc.) are using to better 
prepare for another extreme flooding event. 
The Increased Cost of Compliance (ICC) from 
FEMA will provide up to $30,000 to perform 
one of the following strategies: elevation 
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changes, relocation, demolition, or wet/dry 
floodproofing [38].The scope of this thesis 
does not recognize relocation or demolition 
as “retrofitting” strategies as they do not offer 
the opportunity to adapt. The leading sources 
for retrofitting strategies create ‘umbrella’ 
terms to convey a group of modifications, i.e. 
wet floodproofing allows floodwaters to flow 
through structure by reinforcing walls and 
using “damage-resistant materials”[3]. As most 
of these strategies are geared toward single-
family housing, I deconstructed the umbrella 
strategies to properly evaluate all available 
opportunities and determine which would be 
most suitable for the urban environment.  
Of the literature and precedents, a few areas 
for debate arose. With the six recommended 
methods for retrofitting a building, wet 
floodproofing alone will not comply with NFIP 
regulations and dry floodproofing was not 
allowed in residential structures. So, I sought 
to understand where mixed-use structures 
fit in this model. The NYCDCP “Retrofitting 
Buildings for Flood Risk” addressed this 
concern, as did the NYU Furman Center study 
on “The Price of Resilience: Can Multifamily 
Housing Afford to Adapt?.” Under the Dry 
Floodproofing umbrella, this method “can 
present safety hazards during a flood event by 
blocking egress, so it is not allowed in entirely 
residential buildings” [6]. Wet floodproofing 
controls how water enters a building without 
causing significant damage and balances the 
hydrostatic pressures around the building. 
In New York City, most new mixed-use 
buildings in a designated flood zone utilize 
a combination of wet and dry floodproofing 
where available by code. So “portions of the 
building are sealed at the ground floor to keep 
floodwaters out, while lobbies and entryways 
are designed to accommodate flooding” [6]. 
The goal is to find a balance in protecting 
the building and its inhabitants with code 
regulations while also addressing a need for 
continual innovation. 
The regulations and codes are too strict to be 
able to consider the benefits of a strategy. For 
example, dry floodproofing is not allowed per 
the New York City Building Code for structures 
within the 100-year floodplain, but it is allowed 
for commercial or non-residential buildings. 
“If the Substantially Improved threshold is not 
passed, then existing residential buildings may 
be able to use dry floodproofing to protect 
mechanical systems that are currently located 
below the BFE; however, this strategy is not 
recognized by FEMA and flood insurance 
premiums would not be reduced” [39]. 
Incentivizing retrofitting strategies with 
reduced insurance premiums would aid in 
maintaining cohesion of the urban fabric. 
This example illustrates the need for more 
interdisciplinary communication to smooth 
out inefficiencies.
Of the 13 strategies outlined in this section, the 
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literature described a few more that were not 
included in the scope of this analysis:
Relocation
The relocation strategy currently proposed by 
organizations such as FEMA requires that the 
structure will be physically moved from one 
part of a parcel to another, or even to a new 
location with higher ground somewhere else. 
This strategy has been promoted in scenarios 
where other strategies will not protect the 
building and there are no other alternatives. 
Relocation, though, is not a retrofitting strategy 
for an urban, non-combustible building. For 
a single-family home, relocation is a viable 
option when the appropriate circumstances 
are met. For a multi-story building in a dense 
urban landscape, relocation is not an option. 
Therefore, it will not be included in the scope 
of recommended strategies for retrofitting 
urban flood resilience. 
Demolition
Following a storm, there may be considerable 
damage to a property, where demolition may be 
the only alternative. As a last option, property 
owners can weigh the impacts and costs of 
flooding disasters to determine if razing the 
property and rebuilding on the same property 
- adapted to meet new standards - or on a 
completely different site is more economically 
feasible. Demolition is also not a retrofitting 
strategy, therefore, will not be included in 
the scope of recommended strategies for 
retrofitting urban flood resilience.  
Levees
A levee is a build-up of “compacted earthen 
materials” that begins with “excavating and 
inspecting the cutoff trench - a core located 
below the base of a dam or levee...filled with 
an impervious material, such as clay, to form 
a watertight barrier to prevent under-levee 
seepage” [33]. Levees require a large amount 
of land to form an enclosure around the 
building and a sump pump to remove seepage 
and internal drainage. Most lots in an urban 
environment do not provide adequate land to 
build a levee, which is also not a retrofitting 
strategy to the building itself. 
The following are the thirteen actionable 
strategies that I distilled as potential options 
for retrofitting flood resilience in a non-
combustible urban building:
1. Relocate Critical Systems
Currently considered a part of the “Elevation” 
strategy umbrella in the existing retrofitting 
recommendations by FEMA, relocating critical 
systems involves moving any mechanical and 
electrical equipment from below the BFE to 
above the Design Flood Elevation (DFE). 
Many multi-story, non-combustible buildings 
use cellars and basements to place mechanical 
and electrical equipment, but this creates a 
vulnerability for potential equipment damage 
and life-safety hazards during a flood event. 
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“Flooded equipment can result in building-
wide loss of electricity, clean water, and gas, 
causing disruption and distress for tenants” 
[13]. Relocating the critical mechanical and 
electrical equipment to at or above the DFE 
will better protect the systems and make 
the building less vulnerable to flooding. 
Minimizing the damage to these critical 
systems would also promote a more speedy 
transition to the recovery process, therefore, 
make the building more resilient. 
A challenge with Relocating Critical Systems 
is determining the structural integrity of 
a building to accommodate the move. An 
evaluation needs to be made as to where 
additional support in the level below needs 
to be made in order to accommodate the new 
load. The purpose of housing the mechanical 
and electrical equipment in basements or 
cellars is to place it on grade and not need to 
over-build other parts of the structure. This in 
turn increases the building cost upfront and if 
this strategy is to be retrofitted in an existing 
building that was not previously designed for 
the change in loads. 
For example, in New York City, “over a quarter 
of the buildings have an elevator, which 
presents a specific resilience challenge given 
that elevator equipment is often located in the 
basement” [13]. 
2. Raise Elevation
Changing the elevation level of the first floor 
height of a building is one of the most common 
retrofitting methods, specifically for a single-
family home. It involves raising the building 
so that the lowest floor or lowest horizontal 
member is at or above the regulated flood 
level.  The level at which to elevate to can be 
determined in a few different ways, referring to 
the Flood Insurance Rate Maps (FIRMs) being 
a good source to begin. “In most instances, 
the minimum elevation will be the BFE 
(Base Flood Elevation) plus at least 1 foot of 
freeboard” [33]. Raising the elevation works in 
conjunction with Relocating Critical Systems, 
which has been recommended for single-family 
homes. This strategy proves to be more difficult 
for dense urban areas “because of the pre-
existing adjacencies and structural challenges 
related to the building typology” and “the 
uses under the lowest occupied floor are very 
limited,” which challenges the traditional 
relationship between buildings and the street 
leading to life-safety and design aesthetic issues 
[3]. If the structural design allows for it, an 
additional level can be added to accommodate 
change in the first floor use. 
3. Membranes and Sealants
Under the “Dry Floodproofing” umbrella, the 
Membranes and Sealants strategy involves 
the use of “waterproof coatings, impermeable 
membranes, or supplemental layers of 
masonry or concrete” [33]. Openings to the 
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structure below the DFE require materials 
and construction tactics to make the building 
surfaces impermeable to floodwater damage. 
This strategy works well with the Deployable 
Barriers and Backflow Valves strategies. 
4. Infill Basement or Cellar
In multi-story buildings, basements and cellars 
typically house the mechanical and electrical 
equipment. When these services are located 
below the BFE, they become vulnerable to 
floodwaters. The NFIP regulations state that 
a space is considered a basement if the floor 
is subgrade on all sides, and the definition 
can be even more restrictive depending 
on a community’s floodplain management 
ordinance. For example, some basements that 
are considered “walkout-on-grade” may not 
need to adhere to the infill strategy if they 
use flood damage resistant materials and 
membranes to protect the level. It cannot be 
an occupied space, and may only be used as 
parking or storage. This strategy does not apply 
to crawlspaces. 
If the critical systems were located in the 
basement or cellar of a building they would 
need to relocated. If there were no systems 
located in the basement, it could still be 
infilled and it would reduce the exposure of 
the foundation to floodwaters or the need 
to use a pump to remove the water after the 
event (saving energy and reducing exposure to 
pollutants). 
In some cities infilling the basement would 
create major upheaval in housing availability 
where the availability is already slim. For 
example, in New York City, it is estimated by 
the NYU Furman Center that “there are as 
many as 87,000 first floor units in multifamily 
rental buildings in the 100-year floodplain in 
New York,” and many of which are below the 
BFE [13]. The exact number was incalculable 
due to the number of factors driving the figure, 
it was rounded down to be conservative. 
5. Pump and Back-up Generator
A sump-pump can be commonly found in the 
basement of residences, it is a pump used to 
remove water that has accumulated. Battery 
packs or back-up generators are also utilized 
with this strategy in the event of a flood and 
grid power is unavailable [3]. As a means to 
maintain functionality of utilities and also 
prevent septic tank malfunctions. 
This strategy relies on the temporary 
availability of a generator. A generator burns 
fossil fuels, which adds to the exposure to 
pollutants and waste to the environment. 
6. Backflow Valves
A Backflow Valve is a device that protects 
potable water from contamination of septic or 
wastewater lines due to backflow from reduced 
pressure in the pipe following a utilities 
outage during a flooding event. Floods “can 
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inundate and overload sanitary sewer systems, 
combined sanitary/storm sewer systems, 
and lead to water entry in buildings through 
sewer lines, toilets or drains” [3]. Backflow 
Valves are implemented to prevent this from 
happening.  A Backflow Valve can save lives 
and prevent further damage to the building and 
may be required by a community’s floodplain 
management program. 
7. Deployable Barriers
A deployable barrier is a type of shield located 
at vulnerable openings of a building, usually 
at windows and doors. These are activated - or 
deployed - by a human in anticipation of a 
flooding event considering there is some type 
of warning. Deployable Barriers are considered 
Dry Floodproofing techniques, and are 
“currently not allowed for new or substantially 
improved buildings,” and have “lesser flood 
insurance premium reductions than passive 
flood barriers that are part of the structure 
of the building” [3]. The Deployable Barrier 
strategy can be combined with other measures 
to increase the resilience of the building. 
A multitude of products are arising in 
the market that can be installed in homes 
and commercial structures. Products like 
Aquafence® have developed a unique system 
that uses the weight of the water to balance 
against the force of the flood and keep the 
barrier operable. When the floodwaters 
have receded, the deployable barrier can be 
deconstructed and saved for the next time. 
But this type of deployable barrier requires 
the site space to construct the system. Other 
Deployable Barriers are fitted onto windows 
and doors that are within the floodplain DFE. 
8. Permanent Barriers
Floodwalls are a form of a permanent barrier 
that would prevent floodwaters from entering 
a building. Floodwalls typically require less 
space than levees and provide the same level of 
protection. This type of barrier is “reinforced 
and anchored to withstand flood load” [33]. 
9. Permeable Surfaces
Permeable Surfaces are a part of sustainable 
rainwater mitigation strategies. Where 
available, using permeable paving may help 
with low-impact flooding scenarios. Building 
retaining pools for floodwaters have been 
discussed in the literature, but require more 
space than a typical lot has available in an 
urban context. This strategy may require urban 
planning intervention at the community level 
to be successful. 
10. Reinforce Envelope
Under the Dry-floodproofing umbrella, to 
Reinforce the Building Envelope involves 
“strengthening walls to withstand flood 
water pressures and flood debris” [3]. It can 
be a costly retrofit, because of the additional 
“structural reinforcement to accept flood load 
pressure [3]. The existing structural integrity 
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of the building would need to be evaluated in 
order to consider this as a feasible strategy. 
11. Reinforce Foundation
Reinforcing a building’s foundation falls under 
the Wet and Dry Floodproofing umbrella. 
Foundation walls and floor slabs are to be 
reinforced to promote water to flow freely 
through a structure (wet floodproofing) or to 
“resist hydrostatic loads and buoyant forces” 
(dry floodproofing). The existing structural 
integrity of the building would determine 
whether this option was feasible. 
12. Install Flood Vents (min. 2 sides of bldg.)
Under the Wet-Floodproofing umbrella, 
this strategy involves creating openings, or 
channels, to allow and control floodwaters to 
“enter and exit the building in order to equalize 
hydrostatic pressure” [3]. This strategy works 
well in conjunction with Moving Critical 
Systems, Raising the Elevation, and using 
Flood Resistant Materials. 
13. Flood Damage-Resistant Materials
“Flood damage-resistant materials are those 
that can be inundated by floodwaters with 
little or no damage,” which include “concrete, 
stone, masonry block, ceramic and clay tile, 
pressure treated and naturally decay-resistant 
lumber, epoxy-based paints, and metal” [33]. 
Ultimately, the recommended materials 
should be easy to clean since they would 
resist damage from exposure to floodwaters. 
FEMA offers an outline of acceptable and 
unacceptable material choices, and the NFIP 
Technical Bulletin 2: Flood Damage-Resistant 
Material Requirements (2008) offers a more 
comprehensive list. Both FEMA and the NFIP 
recommend property owners to consult a 
design professional before employing any 
materials. 
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There are so many options for property owners 
and design professionals to consider, how 
do we determine which is the most effective 
for a given situation? The “Floodproofing 
Non-Residential Buildings” document from 
FEMA argues that “non-residential buildings 
can benefit from using a combination of the 
wet floodproofing measures” [40]. Then the 
question becomes: which actionable tactics, 
or strategies, from within those umbrellas 
should someone choose as the most effective 
for a given building in a given location? To 
understand how to evaluate these strategies, 
I researched Analytical Hierarchy Process 
(AHP), a “multicriteria decision making 
approach in which factors are arranged in 
a hierarchic structure” [41]. Developed by 
Thomas Saaty in the 1970’s, this methodology 
provided a framework to rate differing criteria, 
between intervals that can be compared, 
averaged and then weighted. “Paired 
comparisons are performed to derive priorities 
for criteria with respect to the goal,” which 
is a resilient structure [41]. It is from these 
combinations of weights and additions that the 
most effective solutions could be identified. 
As an amalgamation of the preceding research, 
a comprehensive tool was developed to 
compare all available retrofitting strategies for 
flood resilience with the criteria that would 
evaluate the feasibility of implementation. The 
Decision Support Matrix (DSM) is designed 
to increase the effectiveness and improve the 
flexibility of a retrofitting plan. The challenge 
for architects and engineers is to find a 
common platform to meet the necessary design 
and safety requirements for flooding disasters. 
The literature found stronger solutions, 
and encouraged the development of more 
trans-disciplinary interactions for a stronger 
solution system. The DSM will act as a robust 
tool for property owners, or stakeholders, 
to work with professionals to evaluate the 
available retrofitting options in an urban, 
non-combustible building and weigh the costs 
and benefits. This tool is specific to an urban 
environment, where density is becoming an 
increasingly vulnerable factor in designing for 
flood resilience. 
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In developing a scale to judge the different 
criteria, the sets lie between intervals and can 
be compared, because they have an underlying 
uniform structure. Weights and averages can 
be made from these numbers to arrive at 
alternative solutions. The AHP method was 
researched to aid in the development of the 
DSM model as a hybrid. 
In addition to crossing disciplines, the DSM 
acts as an educational tool. The sets of aspect 
categories are broken-down by definition and 
grading rubric. The strategies being examined 
as part of this thesis exist in other literature 
and are illustrated again in this document with 
supporting information. 
The DSM connects the qualitative criteria for 
resilience with the quantitative retrofitting 
strategies as a tool that can appeal to a range 
of stakeholders, including property owners, 
engineers/architects, and policy makers. After 
developing the model a case study will be used 
to test the model, followed by an analysis of 
results and conclusions. 
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The Criteria for grading each strategy is broken 
up into four aspects: Building Resilience, 
Social, Economic, and Environmental. As the 
most important aspect, Building Resilience 
is weighted at 60%, because if the building 
is unable to withstand the flooding effects 
then the other aspects are nullified. The 
Social aspects account for 10%, as does the 
Economic aspects. The Environmental aspects 
accounts for 20% weight because it is the limit 
(encompassing boundary) in which the Social 
and Economic aspects exist. 
The categories do not have the same quantity 
of metrics being measured, so before weighing 
each category the average of the criteria scores 
is found. For example:
Building Resilience Aspects
0.60 x [(3+1+2+3+3)/5]= 1.44 
Social Aspects
0.10 x [(3+2+1)/3] = 0.2
Ecological Aspects 
0.10 x  [(3+2+1+3+2)/5] = 0.22 
Environmental Aspects
0.2 x  [(3+2+1+3)/4] = 0.45
Total = 2.31
Therefore, the closest grade to 3 is a perfect 
solution (may not exist, but the theory of this 
thesis is that we can get close). The calculations 
were made to the nearest three decimal places 
in order to increase opportunity for analysis if 
the numbers get close. 

















The Building Resilience Aspects were derived 
from the literature and precedent studies 
that illustrated the conditions by which a 
building would be more resilient against 
the effects of a flooding disaster. The FEMA 
“Floodproofing Non-Residential Buildings” 
document confirms “structural degradation in 
commercial or industrial facilities is typically 
much less of a concern because the structures 
are usually built with steel, masonry, concrete, 
or other materials that offer inherent resistance 
to damage from floodwater inundation” 
[40]. The NYCDCP “Retrofitting Buildings 
for Flood Risk” study highlights the most 
vulnerable building typologies to be wood 
frame structures. The study also pointed out 
that “masonry buildings with foundations, 
which are very often semi-detached or 
attached, largely avoided substantial structural 
damage” during Hurricane Sandy [3]. The 
research of literature and precedents provided 
the foundation on which to develop valuable 
criteria. For example, the SRIA describes 
a provision for Debris Removal Program 
Alternative Procedures, a package that offers 
“cost share adjustments, reimbursement for 
force account, and retention of program 
from recycling to speed debris removal and 
encourage pre-disaster debris planning” [32]. 
The Building Resilience Aspect starts with a 
Debris Control criteria. The aspects described 
below are relative to a non-combustible 
building, because most buildings in an urban 
environment are constructed of materials 
that would support taller structures, which is 
convenient as these same materials are noted to 
be more resistant to flooding. 
Debris Control 
1 = Designed to break away or will not control 
debris accumulation
2 = Prevents some degree of debris 
accumulation
3 = Will not add to debris
Structural Integrity
1 = Does not promote strength of structure
2 = Provides structural support, OR aids in 
reducing further damage
3 = Full reinforcement of structure/adds to 
structural support
Envelope Bearing Capacity
1 = Does nothing to protect or reinforce 
exterior walls or openings
2 = Reinforces walls and not openings
3 = Reinforces walls and openings AND 
reduces additional damage
Promotes Redundancies/Integrates with 
Other Strategies
1 = Does not promote redundancy or integrate 
with any other strategy
2 = Only works with 1 other strategy





1 = Does not aid in allowing utilities to 
continue functioning
2 = Maintains utility functions with aid of 
additional strategy; aids in human safety
3 = Protects lifelines; allows utilities to continue 
providing a function; provides human comfort
SOCIAL ASPECTS
The Social Aspects of the DSM include criteria 
to evaluate the quality of the strategy for 
the people using the building. Architecture 
is an three-dimensional experience, and 
considerations need to be made of how 
people will interact with the building once the 
strategy is applied. The literature suggested 
an importance of aesthetic quality as well 
as accessibility to be qualifying factors in 
designing for flood risks. The time required 
to ‘bounce-back’ addresses the need for 
understanding the impact the strategy would 
have in the overall continuum of emergency 
management. Each of these criteria were given 
a grading system based on the information 
from the literature and precedent studies.
Impact 
Impact criteria for Social Aspects refers to the 
time component of recovery from a flooding 
disaster. Strategies that are more successful at 
providing a faster rebound from the flooding 
disaster will have a higher impact on the 
resilience of the building. The rebound factor 
is a metric for indicating how effective the 
strategy is for allowing a building to aid in the 
recovery following a flood. 
1 = Low: will likely not protect from excessive 
flooding damage, rebound will be lengthy
2 = Medium: will protect against most flooding, 
but will take some time to rebound; aids in use 
of building
3 =  High: continued use before, during and 
after flood without issue
Aesthetics 
The strategy should also integrate into the 
architectural vernacular and coincide with the 
urban aesthetic. A more successful strategy 
will be virtually indiscernible with flawless 
integration, achieving the highest score. 
People will be less likely to adopt a strategy if it 
interrupts the current comfort levels. 
1 = Jarring and apparent; uncomfortable. 
2 = works with current scenario but not 
appealing
3 = Unnoticeable to average person, integrates 
flawlessly
Accessibility
In the event of a flooding disaster, a connection 
to aid or support needs to be maintained. (List 
case where it is not). A high scoring strategy 
will not interfere with normal or emergency 
response tactics. For example, universal 
accessibility provides consideration for people 
of all ages and abilities (or disabilities). 
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1 = Has age limit or ability limit
2 = Mostly accessible with presence of aid
3 = Maintains standards for normal and 
emergency scenarios; Does not affect building 
users
ECONOMICAL ASPECTS
The Economical Aspects include three of 
the most common factors for retrofitting 
strategies: the associated cost, feasibility of 
implementation, and changes to the square foot 
to a given building. In reality, the Economical 
Aspects may drive the decision process as 
all stakeholders - practitioners and property 
owners - must be able to remain financially 
stable with any retrofitting options. 
Cost 
The cost criteria measures the expense of 
implementing the strategy as a percentage 
of total building value estimate. If it is going 
to cost the same as the estimated value of a 
building to retrofit a strategy, the property 
owner might take their chances because there 
is no incentive to try. From the NYU Furman 
Center report, “building owners must consider 
having sufficient net income to cover the debt 
service required for any additional borrowing 
(called debt service cover- age or DSC), 
sufficient value of the building not already 
pledged as collateral on existing outstanding 
debt (called combined loan to value or 
combined LTV ratio), funds set aside for future 
capital improvements (called reserve funds), 
and the Substantial Improvement rule” [2]. The 
report also cited Fannie Mae’s Supplemental 
Loan Term Sheet, indicating the maximum 
LTV is  75%. Therefore, the rating of the 
criteria was based on that figure. 
1 =High 75-100% or more
2 =Medium 25-74% 
3 = Low 0-24%
Feasibility
Implementing a specific strategy requires 
someone to do the job and time to get it 
done. If the strategy requires a highly skilled 
professional, this could increase the cost of the 
project and/or be difficult to find, therefore it 
has the lowest score.
Can it be done on this building? 
Yes = 3, No =1
Skill Level
1 = Highly Skilled Specialist
2 = Average Property Owner Capable
3 = Anyone can perform
Time
Implementing a strategy requires a plan. 
In some cases the plan involves months of 
survey and construction work, and other 
strategies may be quick to install and operate. 
For example, a deployable barrier can take a 
few hours, whereas relocating critical systems 
can take weeks to plan and implement. Time 
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is a critical component of any emergency 
management plan. The Time criteria attempts 
to address this by encompassing the time 
required to install and the time required to 
activate if necessary. 
1 = weeks (1-52)
2 = days (1-6)
3 = hours (less than 24)
SF Changes
Why the square-footage scores? No change 
to the overall loss of square-foot requires to 
implement the strategy is the best scenario 
(highest score). Once you start to lose available 
space (especially in densely populated areas 
where there is already a square-footage 
shortage) the score drops because it could 
negatively impact the property owner and 
inhabitants. Anything over 25% of lost square-
feet means over a quarter of the building is 
impacted by the strategy and the property 
owner and/or inhabitants would be at a loss.
1 = Significant Change - More than 25% of the 
SF is lost
2 = Moderate Change - Between 1-24% of SF is 
lost
3 = Little to no change in SF
ENVIRONMENTAL ASPECTS
Specific to flooding, negative impacts to the 
environment include overwhelming sewage 
drainage systems, buildings with toxic 
materials (gasoline, paints, pesticides, etc.) can 
get released into the environment. In some 
cases a strategy may require actions that do 
not coincide with sustainability best practices. 
For example, utilizing a generator in order to 
maintain the lifelines in the Building Resilience 
Aspects, that strategy may not coincide with 
the values from the Environmental Aspects, but 
are important to perform functions. Biological 
hazards also become a concern with exposure 
to floodwaters. Buildings are designed to 
maintain a flow of potable, supply water in and 
waste out. But, a change in pressure can send 
wastewater back into a building, which is where 
backflow valves can be installed to prevent this 
type of scenario from occurring. 
The waste criteria is an indication that the 
strategy will reduce waste from a flooding 
event or contribute to it. Reducing waste gives 
it a higher score and contributing to it gives it 
the lowest score. 
Energy
In the event of a flooding disaster, access to 
grid power could become compromised. The 
literature pointed to a need for buildings to 
respond to disasters and remain functional 
should that occur. In addition, current energy 
requires regulations call for more efficient 
use of resources. The Energy criteria aims to 
combine the need for a more functional and 
energy efficient building. 
1 = Does NOT use or promote use of renewable 
2.2.1 CRITERIA DESCRIPTIONS
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energy and does not promote efficient energy 
use in building; requires power to function
2 = Uses or promotes use of renewable energy 
but not efficient; Could function off power
3 = Uses or promotes use of efficient and 
renewable energy and capable of maintaining a 
function without power
Waste
1 = High risk of contributing to waste during 
flood; does not protect building 
2 = Low risk of contributing to waste during 
flood; protects building
3 = No Risk of contributing to waste during 
flood; protects building
Pollution
1 = High probability risk of toxins/pollution 
exposure during flood.
2 = Low risk of pollution exposure during flood
3 = No risk of pollution or contamination 
before, during or after flooding event. 
Water-friendly
1 = Does NOT work with floodwaters; works 
against floodwaters and impedes on natural 
cycle.
2 = Integrates floodwater aspects but requires 
electricity to return to functioning status; 
human activation required. 
3 = Completely integrative floodwater strategy; 
allows for natural return to balance following 
flooding event. Does not require machine 
or electricity to return to functioning status. 
Allows floodwaters to encroach and recede 
naturally
CHAPTER 3: THE APPLICATION
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3.1.0  CASE STUDY: 55-63 STONE STREET, ROCHESTER, NY
In order to test the efficacy of the DSM as 
a tool, a case study was developed using an 
accessible building with adjacency to water. 
The chosen site is at 55-63 Stone Street in 
Rochester, NY, which is roughly 500 feet to the 
east of the Genesee River. It is a three-story 
non-combustible building with a basement. 
The mechanical and electrical equipment is 
located in the basement. The estimated value 
of building in 2014 was $1,165,000 [42]. The 
building was first constructed in 1946, and 
alterations were made between 1963 to 1971. 
Each strategy was then assessed using the 
criteria illustrated in Chapter 2 and the 
three top-scoring solutions (between 2.000 
and 3.000) became part of a comprehensive 
recommendation for the case study building. 
The precedent studies and resilience concepts 
agree that the strongest flood-resilient solutions 
are multi-faceted and redundant, which is 
the purpose of electing three of the top-
scoring strategies as a comprehensive solution. 
Also, it would be unrealistic to implement 
every strategy, so the comprehensive 
recommendations will focus on the best 
options with the most effective use of resources. 
Figure 3: Map of USA and New York
Figure 3: Map of Site and Proximity to Genesee River




















Extreme flooding in the 1930’s was destroying 
the rebuilding initiatives of a post- Great 
Depression era. A Superflood of the Ohio River 
in 1937 fueled the need for Federal support in 
developing the Flood Control Act (FCA) of 
1937, which provided nearly $25 million for 
dam and levee projects listed in the Ohio Valley 
Flood Control Program. The Flood Control Act 
(FCA) of 1944 was amended after the Flood 
Control Act of 1937 (Public Law 406). The FCA 
1944 authorized the construction of several 
new dams and allowed for the allocation of 
funds for the improvement of existing dams. 
The Act was signed into legislation by President 
Franklin D. Roosevelt (as was the FCA of 
1937), and named after the two authors of the 
Act, Colonel Lewis A. Pick and W. Glenn Sloan 
[43]. It has also been referenced as the Sloan-
Pick Act for this reason. 
The Flood Control Act of 1944 enabled the 
construction of dams around the country 
to mitigate extreme flooding events and 
protect the rebuilding progress from the years 
following the great depression. The Mt. Morris 
dam was among the projects in the updated 
Act. Before the Mt. Morris Dam was built 
between 1948 and 1952, Rochester would 
flood on an average of once every seven years. 
According to the Genesee River Basin Study 
from 1988, a flood caused by a sudden thaw 
in March 1902, flooded the Genesee flats and 
washed out bridges, inundating Rochester 
in depths of about 2 feet [45]. The building 
at 55-63 Stone Street was chosen as the case 
study for the application of the methodology 
due to the historical flooding that occurred 
at this location before the construction of the 
Mt. Morris Dam. Although the probability of 
flooding in this location is very low, the effects 
would be catastrophic in the dense urban 
Figure 6: Flooding of Rochester in 1865 from “History of 
Rochester and Monroe county, New York : from the earliest 
historic times to the beginning of 1907” [44]
Figure 5: Flooding of Rochester in 1865 from “History of 
Rochester and Monroe county, New York : from the earliest 
historic times to the beginning of 1907” [44]
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3.2.0  CONTEXT
landscape of downtown Rochester. There 
are discussions of dredging the mouth of the 
Genesee River and dropping the elevation, 
which would make the lake level rise, leading 
to tighter controls of the Great Lakes levels. 
There is a new great lakes commission 
recommendation to U.S. and Canadian 
governments to allow greater variability so the 
Genesee River will drain slower, which will 
require more active management in the case of 
the Mt. Morris Dam to keep levels in check.
Of the various types of flooding (V-Zone, 
A-Zone, Coastal A-Zone, B/X-Zone), the site 
for the case study is in the category of the B/X-
Zone (the 500 Year Floodplain), with a 0.2% 
chance of flooding on any given year. For the 
purposes of the case study, a BFE + 1 FT was 
considered, with a scenario in which the Mt. 
Morris dam crests and floods the downtown 
area as it did over a century ago. Therefore, the 
Design Flood Elevation is 3 FT. 
To follow the evidence in the literature, a 
successful method can be flexible enough to 
be applicable anywhere. The chosen building 
for this case study is in a position that has a 
likelihood of flooding based on the data from 
river levels and the historical flooding of the 
area prior to the construction of the Mt. Morris 
Dam. 
Figure 7: Mt. Morris Dam Proximity to Rochester, NY







Mt. Morris Dam, 
Letchworth State Park
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3.3.0  EVALUATION OF STRATEGIES FOR 55-63 STONE STREET APPLICATION
A 3-D model of the building was created 
in Autodesk Revit®, a prominent building 
information modeling (BIM) software.  A 
review of the available building drawings 
and site visits informed the design of the 
model to then apply the retrofitting strategies.  
Observations were made with each application 
that would then noted in the DSM for the case 
study building. All figures were produced by 
the author or noted otherwise. 
Figure 9: Stone Street Entrances
Figure 12: Stone Street View of 
sidewalk
Figure 10: North wall of building and 
adjacent building wall connection
Figure 11: Minerva Street Access
Figure 8: Case Study Site Plan








3.3.1  RELOCATE CRITICAL SYSTEMS
The furnace, boiler and electrical equipment 
are currently located in the basement of the 
building. The west side of the building is 
exposed through the loading dock so moving 
the critical systems to a higher elevation 
would reduce the vulnerabilities to damage. 
Strictly relocating the mechanical space would 
reduce about 10% of the first floor space. The 
alternative would be to build a fourth level on 
the building to accommodate the SF loss. The 
DFE would be 2 FT + 1FT Freeboard = 3 FT.
Figure 14: Relocate Critical Systems
Current Location of 
Critical Systems
Addition of level to recover lost SF
Critical Systems 
moved to first level 
+3FT to DFE
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3.3.2  RAISE ELEVATION
By moving the normal operations from the 
first level to the second level, the building can 
maintain the use of the first level for storage, 
an acceptable change in use for the first level. 
An additional level will need to be added to 
accommodate the loss in square-feet, increasing 
costs. Raising the elevation will expose the 
ground floor to floodwaters, and additional 
measures will be required with this strategy to 
keep the building from degrading: Sealants and 
Membranes, Infill Basement, Installing Flood 
Vents, and using Flood Damage-Resistant 
Materials. In order to mitigate the proliferation 
of mold on the property, a pump can be used 
to help remove the floodwaters from low-lying 
areas within the basement and first floor. 
Figure 15: Raise Elevation
Basement and 
first level use 
changed
Addition of two 
levels to account 
for loss of usable 
SF in basement 
and first level
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3.3.3  MEMBRANES AND SEALANTS
Applicable at the ground level, specifically 
at the west side of the building where the 
elevation lowers for the garage access. The 
South side of the building has no fenestration 
and the North wall of the building is touching 
the wall of the adjacent building. In only 
considering the membranes and sealants, these 
would need to be applied to the basement level 
as well to prevent floodwaters from damaging 
the structural integrity of the building.
Figure 16: Membranes and Sealants
Apply to basement 
level and at least 
3FT into first level
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3.3.4  INFILL BASEMENT OR CELLAR
Filling in the basement requires the resource 
(soil or concrete) to do to. By filling in the 
basement there is a loss of about 15,400 SF and 
costs an estimated $50,000 in Rochester, NY 
per the volume. The foundational structure of 
the building will support an additional floor, so 
this strategy would include moving functions 
up a level.
Figure 17: Infill Basement or Cellar
Infill Basement
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3.3.5  PUMP AND BACK-UP GENERATOR
If the building were to remain with the 
basement, a sump pump would need to be 
placed there to eliminate floodwaters, and 
a generator would be required to power it if 
the utilities were unavailable. For the case 
study commercial building functions, a 55kW 
generator would be required, which runs on 
diesel fuel and can cost $30,000 on average. 
A submersible sump pump can cost $1,000 
on average. The generator is estimated to 
provide power to keep the building utilities 
and office equipment operational for a few 
days on and off, depending on the size of the 
tank. Generators for the size of the case study 
building also require a lead time of over a 
month to be delivered and installed. 
As the case study building is currently owned 
by a private company, the economic impact if 
the building were not operational is unknown. 
Information on the loss of business per day of 
recovery is also unavailable. 





3.3.6  BACKFLOW VALVES
A backflow valve prevents sewage and 
wastewater from running in the opposite 
direction, or into the building as opposed to 
away from the building. This occurs when 
there is a change in pressure in the stormwater 
system due to flooding. The backflow valve 
connects to the water line found within the 
building, and should also be connected to the 
sewer line to prevent upflow. An analysis of the 
existing building floor plans does not indicate 
a location for a backflow valve, so for the 
purposes of this case study it is being added to 
test the DSM. According to FEMA, the average 
cost of a backflow valve with the gate/flap valve 
is $2,000.00, so it is estimated to cost $4,000.00 
to implement this strategy in the case study 
building. The associated cost is about 3% of the 
total building value.
















3.3.7  DEPLOYABLE BARRIERS
One location for a deployable barrier is at the 
rear of the garage and the doors on Minerva 
Street. There would also be Deployable 
Barrier shields at the windows located below 
the DFE, and at the entrance doors located 
on Stone Street. According to Aquafence®, a 
leading barrier supplier, the average cost of a 
deployable barrier system is $225/LF. Therefore, 
the cost of implementing a deployable barrier 
strategy at the case study building is about 
$12,000.
Figure 21:  Inactive: Deployable Barrier at Minerva Street Figure 22: Activated: Deployable Barrier at Minerva Street
Figure 20: Deployable Barrier at Stone Street Entrance
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3.3.8  PERMANENT BARRIERS
This option is more difficult as it requires 
adding an additional layer of building material 
up to the DFE on the envelope of the building. 
There is not a lot of room on the sidewalk on 
the east side of the building to implement this 
strategy on the given lot. If the building at  
55-63 Stone Street were set back from the 
sidewalk a few feet, it might be possible to 
implement a permanent barrier strategy. 
Also, mostly residential precedents of 
permanent barrier applications were found 
in the literature. For example, a stone wall 
between 4 to 6 feet would be specified to 
properly maintain hydrostatic pressure in the 
event of a flood at this location. 
There is no space to implement this type 
of strategy on this case study. The East wall 
is directly on a narrow sidewalk (fig. 24), 
which does not leave enough room to create 
a permanent barrier. The Minerva entrance 
requires vehicular access and does not have 
enough space to implement any type of 
permanent barrier system that exists currently. 
Figure 23: Stone Street Entrance
Figure 24: Minerva Entrance
56
3.3.9  PERMEABLE SURFACES
There is a park on the south side of the building 
called “Cornerstone Park”. A placard on the 
park site indicates the park was “developed 
and maintained by Rochester Telephone for 
the enjoyment of the Rochester Community.” 
The park was founded in 1977, and has a small 
fountain that is not currently in order. There 
is potential for converting the park into a 
larger retention pond for potential floodwaters 
to collect and changing the stone pavers to 
permeable pavers or covering that have a base 
and subbase to allow the gradual movement 
of stormwater through the material. In the 
event of heavy rainstorms in Rochester, NY 
this park with permeable pavers would then 
reduce runoff and trap pollutants from entering 
the water table. Without altering the fountain 
it could potentially hold about 150 gallons of 
floodwaters, which is negligible in the event 
of a flood with the BFE of 2 FT - the height 
determined from the Genesee River Basin 
Study.  
According to the Landscaping Network in 
Calimesa, CA,  the average cost of permeable 
paving ranges from $2 to $5 per square foot, 
more than four times the average cost of 
asphalt. The average cost for installation can 
range from $6 to $10 per square foot. The park 
has an estimated 7,000 SF of pavers that could 
be replaced. To calculate a cost, consider $3.50/
SF the price of the paving material, and $8.00/
SF the cost of installment to arrive at $11.50/SF. 
Therefore, the estimated cost of implementing 
the permeable surfaces in the park adjacent to 
the building would be $80,500.00 alone. That is 
about 14.5% of the total value of the building, 
which is “low” according to the criteria 
descriptions outlined in Chapter 2.
Figure 25: Park Retention Pond with Permeable Paving
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3.3.10  REINFORCE ENVELOPE
As the case study building is categorized as 
a non-combustible structure, the brick and 
concrete construction are already above grade 
and estimated to withstand the hydrostatic 
pressure. The fenestration assemblies and doors 
on the West façade (Minerva Street) would 
need to be replaced to equipment capable of 
withstanding the floodwater pressures. The 
Stone Street entrance fenestration is located 
above the DFE (3 FT) requirement, however, 
the doors would be changed to equipment 
similar to the West façade. The National 
Institute of Building Sciences estimates this 
strategy to cost about 15-20% of a given 
building.
Figure 26: Envelope Reinforcing
Floodwater
Pressure
Replace Windows and Doors to Flood-Proof 
Equipment for a Tight Envelope
Scale: NTS
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3.3.11  REINFORCE FOUNDATION
Reinforcing the foundation on the case study 
building can be achieved by reinforcing the 
basement walls from within the building. Some 
excavation is required as is the construction 
of the floor slab to prevent seepage from a 
saturated soil condition. FEMA’s retrofitting 
guide indicated reinforcing the foundation in a 
residential structure could be cost-prohibitive. 
In the case study, a non-residential building 
with a 16,000 SF foundation basement to 
reinforce, the minimum cost would be 
considerable. An accurate estimate was not 
accessible without further access to the case 
study building. 
Figure 28: Foundation Reinforcement
Figure 27: Foundation Wall Section































3.3.12  INSTALL FLOOD VENTS
On the West side of the building, flood vents 
can be implemented on the roll-up garage door 
and standard doors to allow water to enter and 
recede naturally without assistance. However, 
there may be additional equipment needed to 
push floodwaters away from the building. The 
precedent studies recommend the addition of 
Flood Damage-Resistant Materials to be used 
with this strategy to limit the proliferation of 
mold in unprotected surfaces with prolonged 
exposure to floodwaters. Smart Vent®, a leading 
supplier of flood vents, estimates a vent can 
cost about $600.00 each. This estimate does not 
include installation. Flood vents are a cost-
effective strategy for this case study.
Figure 30: Minerva Entrance with Flood Vents
Figure 29: Example of a Flood Vent
Proposed Location for Flood Vents
Scale: NTS
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3.3.13  FLOOD DAMAGE-RESISTANT MATERIALS
Implementing Flood Damage-Resistant 
Materials requires a change in materials at the 
first level and basement level to clay tiles and 
epoxy paints. The case study is constructed 
using brick and CMU, items listed by FEMA 
as suitable flood damage-resistant materials, so 
this strategy would not be as invasive as others 
to the building. As such, FEMA’s retrofitting 
guides indicate implementing this strategy 
would be cost-effective for the given case study.
Flood damage-resistant materials are those 
products and systems with properties that 
allow it to have prolonged exposure to 
floodwaters without experiencing significant 




Vinyl or Rubber 
CMU Block
Metal
damage, which would be anything over 50% of 
the total value of the property. In addition to 
the materials illustrated below, other types of 
waterproofing materials include non-absorbent 
stones with waterproof grout, polyester and 
epoxy-based paints, and waterproof adhesives. 
The case study building was constructed using 
concrete, brick, and CMU block, which are 
flood damage-resistant materials suggested by 
FEMA. 
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3.4.0  DSM FOR 55-63 STONE STREET, ROCHESTER, NY
BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 1.440
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 1.080




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 1.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 1.080
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 1.080
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 1.320
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 1.440
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Would not aid in debris 
control
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
does not reinforce envelope The amount of potential 
floodwater diversion is negligible 
for the park size
Not applicable
Score 1 1 1 1 0 4 0.480
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 1.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 1.320
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers For a minor flood event the 
permeable surfaces could 
shorten recovery time; no 
effect on building
Maintain layout, but just 
change pavers to permeable; 
will also need to keep 
fountain without water; no 
effect on building
Keeps park accessible to public, 
but has no effect on building 
access
Score 1 2 0 3 0.100
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 0.180
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.140
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 0.260
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 0.160
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 0.220





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 0.180
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 0.280
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.020
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.060
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 0.220
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 0.240
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Waste Pollution Water-friendly




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.450
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.550
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.450




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.500
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.200





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.500
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.450
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Permeable surfaces would 
aid in polluted runoff 
entering the water table
Allows water to be absorbed 
gradually
Score 0 0 3 3 6 0.300
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.450
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.350
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.200
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required









1 Relocate Critical Systems 1.440 0.233 0.180 0.450 2.303
2 Raise Elevation 1.080 0.167 0.140 0.550 1.937
3 Membrane and Sealants 1.200 0.233 0.260 0.450 2.143
4 Infill Basement or Cellar 1.080 0.267 0.267 0.500 2.113
5 Pump and Back-up Generator 1.080 0.267 0.220 0.200 1.767
6 Backflow Valves 1.320 0.267 0.180 0.500 2.267
7 Deployable Barriers 1.440 0.200 0.280 0.450 2.370
8 Permanent Barriers 0.000 0.020 0.020 0.000 0.040
9 Permeable Surfaces (site) 0.480 0.000 0.060 0.300 0.840
10 Reinforce Envelope 1.440 0.233 0.180 0.450 2.303
11 Reinforce Foundation 1.440 0.267 0.180 0.350 2.237
12 Install Flood Vents (min. 2) 1.200 0.233 0.220 0.200 1.853
13 Flood Damage-Resistant 
Materials
1.320 0.267 0.240 0.450 2.277
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 10: Building Resilience Aspects DSM (60%)
The strategies were applied to the case study 
building using a combination of views from 
the 3D model and 2D diagrams in order 
understand the strengths and limitations of the 
strategy. The DSM was performed following 
the modeled application of each strategy and 
observations were made simultaneously to be 
discussed in the analysis of the results. 
62
3.4.0  DSM FOR 55-63 STONE STREET, ROCHESTER, NY
BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 1.440
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 1.080




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 1.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 1.080
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 1.080
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 1.320
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 1.440
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Would not aid in debris 
control
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
does not reinforce envelope The amount of potential 
floodwater diversion is negligible 
for the park size
Not applicable
Score 1 1 1 1 0 4 0.480
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 1.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 1.320
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers For a minor flood event the 
permeable surfaces could 
shorten recovery time; no 
effect on building
Maintain layout, but just 
change pavers to permeable; 
will also need to keep 
fountain without water; no 
effect on building
Keeps park accessible to public, 
but has no effect on building 
access
Score 1 2 0 3 0.100
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 0.180
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.140
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 0.260
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 0.160
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 0.220





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 0.180
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 0.280
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.020
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.060
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 0.220
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 0.240
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Waste Pollution Water-friendly




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.450
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.550
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.450




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.500
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.200





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.500
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.450
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Permeable surfaces would 
aid in polluted runoff 
entering the water table
Allows water to be absorbed 
gradually
Score 0 0 3 3 6 0.300
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.450
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.350
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.200
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required









1 Relocate Critical Systems 1.440 0.233 0.180 0.450 2.303
2 Raise Elevation 1.080 0.167 0.140 0.550 1.937
3 Membrane and Sealants 1.200 0.233 0.260 0.450 2.143
4 Infill Basement or Cellar 1.080 0.267 0.267 0.500 2.113
5 Pump and Back-up Generator 1.080 0.267 0.220 0.200 1.767
6 Backflow Valves 1.320 0.267 0.180 0.500 2.267
7 Deployable Barriers 1.440 0.200 0.280 0.450 2.370
8 Permanent Barriers 0.000 0.020 0.020 0.000 0.040
9 Permeable Surfaces (site) 0.480 0.000 0.060 0.300 0.840
10 Reinforce Envelope 1.440 0.233 0.180 0.450 2.303
11 Reinforce Foundation 1.440 0.267 0.180 0.350 2.237
12 Install Flood Vents (min. 2) 1.200 0.233 0.220 0.200 1.853
13 Flood Damage-Resistant 
Materials
1.320 0.267 0.240 0.450 2.277
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 11: Social spects DSM (10%)
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3.4.0  DSM FOR 55-63 STONE STREET, ROCHESTER, NY
BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 1.440
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 1.080




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 1.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 1.080
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 1.080
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 1.320
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 1.440
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Would not aid in debris 
control
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
does not reinforce envelope The amount of potential 
floodwater diversion is negligible 
for the park size
Not applicable
Score 1 1 1 1 0 4 0.480
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 1.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 1.320
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers For a minor flood event the 
permeable surfaces could 
shorten recovery time; no 
effect on building
Maintain layout, but just 
change pavers to permeable; 
will also need to keep 
fountain without water; no 
effect on building
Keeps park accessible to public, 
but has no effect on building 
access
Score 1 2 0 3 0.100
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 0.180
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.140
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 0.260
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 0.160
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 0.220





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 0.180
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 0.280
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.020
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.060
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 0.220
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 0.240
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Waste Pollution Water-friendly




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.450
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.550
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.450




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.500
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.200





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.500
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.450
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Permeable surfaces would 
aid in polluted runoff 
entering the water table
Allows water to be absorbed 
gradually
Score 0 0 3 3 6 0.300
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.450
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.350
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.200
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required









1 Relocate Critical Systems 1.440 0.233 0.180 0.450 2.303
2 Raise Elevation 1.080 0.167 0.140 0.550 1.937
3 Membrane and Sealants 1.200 0.233 0.260 0.450 2.143
4 Infill Basement or Cellar 1.080 0.267 0.267 0.500 2.113
5 Pump and Back-up Generator 1.080 0.267 0.220 0.200 1.767
6 Backflow Valves 1.320 0.267 0.180 0.500 2.267
7 Deployable Barriers 1.440 0.200 0.280 0.450 2.370
8 Permanent Barriers 0.000 0.020 0.020 0.000 0.040
9 Permeable Surfaces (site) 0.480 0.000 0.060 0.300 0.840
10 Reinforce Envelope 1.440 0.233 0.180 0.450 2.303
11 Reinforce Foundation 1.440 0.267 0.180 0.350 2.237
12 Install Flood Vents (min. 2) 1.200 0.233 0.220 0.200 1.853
13 Flood Damage-Resistant 
Materials
1.320 0.267 0.240 0.450 2.277
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 12: Economical Aspects DSM (10%)
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3.4.0  DSM FOR 55-63 STONE STREET, ROCHESTER, NY
BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 1.440
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 1.080




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 1.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 1.080
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 1.080
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 1.320
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 1.440
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Would not aid in debris 
control
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
does not reinforce envelope The amount of potential 
floodwater diversion is negligible 
for the park size
Not applicable
Score 1 1 1 1 0 4 0.480
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 1.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 1.320
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers For a minor flood event the 
permeable surfaces could 
shorten recovery time; no 
effect on building
Maintain layout, but just 
change pavers to permeable; 
will also need to keep 
fountain without water; no 
effect on building
Keeps park accessible to public, 
but has no effect on building 
access
Score 1 2 0 3 0.100
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 0.180
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.140
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 0.260
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 0.160
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 0.220





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 0.180
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 0.280
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.020
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.060
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 0.220
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 0.240
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Waste Pollution Water-friendly




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.450
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.550
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.450




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.500
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.200





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.500
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.450
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Permeable surfaces would 
aid in polluted runoff 
entering the water table
Allows water to be absorbed 
gradually
Score 0 0 3 3 6 0.300
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.450
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.350
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.200
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required









1 Relocate Critical Systems 1.440 0.233 0.180 0.450 2.303
2 Raise Elevation 1.080 0.167 0.140 0.550 1.937
3 Membrane and Sealants 1.200 0.233 0.260 0.450 2.143
4 Infill Basement or Cellar 1.080 0.267 0.267 0.500 2.113
5 Pump and Back-up Generator 1.080 0.267 0.220 0.200 1.767
6 Backflow Valves 1.320 0.267 0.180 0.500 2.267
7 Deployable Barriers 1.440 0.200 0.280 0.450 2.370
8 Permanent Barriers 0.000 0.020 0.020 0.000 0.040
9 Permeable Surfaces (site) 0.480 0.000 0.060 0.300 0.840
10 Reinforce Envelope 1.440 0.233 0.180 0.450 2.303
11 Reinforce Foundation 1.440 0.267 0.180 0.350 2.237
12 Install Flood Vents (min. 2) 1.200 0.233 0.220 0.200 1.853
13 Flood Damage-Resistant 
Materials
1.320 0.267 0.240 0.450 2.277
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 13: Environmental spects DSM (20%)
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3.4.1  DSM RESULTS
BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 1.440
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 1.080




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 1.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 1.080
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 1.080
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 1.320
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 1.440
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Would not aid in debris 
control
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
does not reinforce envelope The amount of potential 
floodwater diversion is negligible 
for the park size
Not applicable
Score 1 1 1 1 0 4 0.480
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 1.440
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 1.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 1.320
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers For a minor flood event the 
permeable surfaces could 
shorten recovery time; no 
effect on building
Maintain layout, but just 
change pavers to permeable; 
will also need to keep 
fountain without water; no 
effect on building
Keeps park accessible to public, 
but has no effect on building 
access
Score 1 2 0 3 0.100
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 0.180
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.140
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 0.260
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 0.160
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 0.220





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 0.180
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 0.280
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.020
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.060
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 0.180
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 0.220
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 0.240
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Waste Pollution Water-friendly




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.450
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.550
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.450




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.500
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.200





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.500
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.450
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Permeable surfaces would 
aid in polluted runoff 
entering the water table
Allows water to be absorbed 
gradually
Score 0 0 3 3 6 0.300
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.450
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.350
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.200
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required









1 Relocate Critical Systems 1.440 0.233 0.180 0.450 2.303
2 Raise Elevation 1.080 0.167 0.140 0.550 1.937
3 Membrane and Sealants 1.200 0.233 0.260 0.450 2.143
4 Infill Basement or Cellar 1.080 0.267 0.267 0.500 2.113
5 Pump and Back-up Generator 1.080 0.267 0.220 0.200 1.767
6 Backflow Valves 1.320 0.267 0.180 0.500 2.267
7 Deployable Barriers 1.440 0.200 0.280 0.450 2.370
8 Permanent Barriers 0.000 0.020 0.020 0.000 0.040
9 Permeable Surfaces (site) 0.480 0.000 0.060 0.300 0.840
10 Reinforce Envelope 1.440 0.233 0.180 0.450 2.303
11 Reinforce Foundation 1.440 0.267 0.180 0.350 2.237
12 Install Flood Vents (min. 2) 1.200 0.233 0.220 0.200 1.853
13 Flood Damage-Resistant 
Materials
1.320 0.267 0.240 0.450 2.277
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 14: Summary DSM for 55-63 Stone Street, Rochester, NY
The three strategies that scored the highest for 
the case study were Relocating Critical Systems, 
Deployable Barriers, and Reinforce Envelope. 
Other strategies that showed potential benefit 
were Backflow Valves, Reinforce Foundation, 
and Flood Damage-Resistant Materials. From 
the perspective of a property owner, the 
recommended options are only the strategies 
that would be the most effective solution with 
the most efficient use of resources. Therefore, 
the strategies were then combined into a 
comprehensive solution to further analyze the 
strengths and limitations of the methodology. 
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As the three recommendation options were 
applied to a simulated model of the case study 
building, it became apparent that the method 
of evaluating the strategies for the specific 
building and specific location was a successful 
guide. From the perspective of a practitioner or 
property owner with little to no knowledge of 
resilience, the recommended options created a 
multi-faceted solution to making the building 
more flood-resilient with the most effective use 
of resources. 
Reinforcing the building envelope at the 
windows, walls, and doors on the East and 
West sides of the building to withstand 
floodwater pressures was the first level of 
defense. The addition of the deployable 
barrier at the Minerva Street entrance means 
floodwaters would not infiltrate the basement 
or first level. Deployable barriers would also be 
applied to the entrance doors on the East side 
of the building with adjacency to the sidewalk. 
Relocating the critical systems to the BFE +1 
FT (3 FT total) would provide a third level of 
defense if the floodwaters were to surpass the 
deployable barrier, it would not impact the 
critical systems. 
The case study building at 55-63 Stone Street 
was initially designed in 1946 with an addition 
Figure 32: Comprehensive Solution for 55-63 Stone Street - View of Stone Street Façade
Deployable Barrier
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later added between 1963 to 1971. The front of 
the building (East side) is expressed with strong 
vertical fenestration combined with a black 
granite cladding to distinguish it on the Stone 
Street entrance. The back of the building (West 
side) is painted brick, a less attention-grabbing 
aesthetic. At the exterior, the comprehensive 
solution maintains the architectural vernacular 
of the building and streetscape by blending into 
the existing building. The Deployable Barriers 
at the Stone Street and Minerva access points 
are only visible when activated by the user. The 
Reinforced Envelope at the windows, walls, and 
doors of the Minerva entrance are on the back 
of the property, and integrated into the existing 
architecture by replacing the equipment to 
withstand flood pressures. On the interior, 
relocating the critical systems takes up about 
10% of the first floor space. The adjustment is 
made by building a separate room to house the 
equipment towards the Minerva Street side of 
the building to preserve the main entrance and 
circulation. 
One important finding from the application 
of the comprehensive solution is the minimal 
effect the strategies had on the overall aesthetic 
of the building. The Aesthetic quality was one 
of the criteria from the DSM’s Social Aspects. 
All three strategies received a score of 1 or 2 for 
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the Aesthetics criteria, which was a surprise to 
find how minimal the comprehensive solution 
appears to be affected by the strategies from 
the exterior of the building. The Relocating 
Critical Systems strategy received a score of 
“1” due to how much usable square feet was 
lost in moving the equipment to the first level. 
Reinforcing the building envelope with flood-
proof windows and doors merged easily with 
the existing building design. From the interior 
of the building this would not go unnoticed by 
the building users. 
The comprehensive building solution was then 
taken through the DSM as a combined strategy 
to determine the overall resilience of the 
solution. The total score for the comprehensive 
solution is 2.753, the highest number achieved 
thus far. The Building Resilience Aspects 
achieved a perfect score of 1.800, but there 
were some criteria that could not be achieved 
with the comprehensive solution, most notably 
the Pollution criteria within the Environmental 
Aspects. Without the addition of a backflow 
valve in the building’s plumbing system, it 
leaves a vulnerability with exposure to toxic 
waste from toilets and sinks when the pressure 
is not balanced and waste-water flows in the 
opposite direction into the building. 
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Critical Systems /Equipment Weight: 
 1,000 lbs./Unit = 1 K (Kips) per Unit
Weight of 1” of Reinforced Concrete Slab 
 = 11.5 lbs./SF
Per the AISC Steel Construction Manual:
 Drawings indicate Beam = W16x36
 With the Min. Yield Stress of 36 KSI
 Weight of Beam = 36 lbs./LF
Dead Load (DL)
A. Length x Width of a Structural Bay
(Lx Beam) x (Ly Beam) x (W 1” Slab) x 4” slab
(18.42 FT) x (18.42 FT) x (11.5 lbs./SF) x 4” slab
= 15,607.63 lbs. 
B. Added Weight of Steel Structure
= (4 beams) x (36 lbs./LF) x (18.42 FT Each)
= 2,652.48 lbs.
C. Additional Live Load of Equipment
















Total Dead Load =A + B + C
         =15,607.63 + 2,652.48 + 1,000
      =19,266.11 lbs. (19 K)
Live Load (LL)
Per New York State building code the design LL 
for an Business occupancy is 50 lbs./SF
Live Load = (50lbs./SF) x (18.42’) x (18.42’)
      = 16,964.82 lbs. 
      ≈ 17 K
Total Load = DL + LL
       = 19 K + 17 K = 36 K
Check: proposed load 36 K = min. yield stress 
of beam
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BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
Will not add to debris 
accumulation. These 
strategies combined 
prevent infiltration of 
floodwaters, theoretically 
eliminating debris.
Reduce damage to walls 
with reinforced envelope 
and deployable barriers 
at openings. 
reduce damage to walls; 
deployable barrier acts as 
additional reinforcement
The deployable barrier and 
reinforcing the envelope work 
together to protect the building, 
but if they fail, the critical 
systems have been relocated to 
a less-vulnerable elevation. 
The three strategies work 
together to provide a three level 
protection for floodwater 
penetration.
Score 3 3 3 3 3 15 1.800
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
Relocate mechanical and electrical equipment from 
basement to DFE 3 FT, so use can continue. The 
deployable barriers can be retracted once floodwaters 
have receded. There is no follow-up required for the 
reinforced envelope after the event to return building to 
full operation. 
Relocating the critical systems to the first level will 
reduce the usable SF on that level. The deployable 
barriers can be hidden when not in use. The 
Reinforced envelope can match existing building 
vernacular to appear indiscernable. 
Of the three options, the deployable barriers 
may cause an issue for universal access during 
a flooding event. The barrier systems create a 
fence-like blockade from allowing floodwaters 
into the building, but then some users may 
require assistance in exiting the building on their 
own capacity. 
Score 3 2 2 7 0.233
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
Implementing these strategies together in the 
case study building is estimated to be over 
$500,000, which is about 43% of the total 
value of the building. 
Yes Skilled and licensed professionals 
required. Once installed, the 
deployable barriers can be activated 
by anyone. 
Planning in advance 
required to install. Once 
installed, deployable 
barriers can be activated 
in anticipation of 
flooding event.
Lose rentable area on First 
Level by relocating the 
critical systems. The 
amount the other strategies 
affect the SF is negligible. 
Score 2 3 2 2 2 11 0.220
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Waste Pollution Water-friendly
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
Relocating the critical 
systems allows the 
building to continue to 
function if utilities are 
available. However, the 
building could remain 
functional without power 
and the deployable 
barriers can be activated 
manually. 
Reduces waste during flood. By 
focusing on keeping water out, these 
options combined allow the building 
to return to fully functional quicker 
and theoretically eliminates waste.
Reduced exposure, but not completely secure. The 
sewage exposure without a back-flow valve would 
create a vulnerability of exposure to toxic waste. 
Keeps floodwaters away from high-
risk equipment









Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
1.800 0.233 0.220 0.500 2.753
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
Will not add to debris 
accumulation. These 
strategies combined 
prevent infiltration of 
floodwaters, the retically 
eliminating debris.
Reduce damage to walls 
with reinforced envelope 
and deployable barriers 
at openings. 
reduce damage to walls; 
deployable barrier acts as 
additional reinforcement
The deployable barrier and 
reinforcing the envelope work 
together to protect the building, 
but if they fail, the critical 
systems have b en relocated to 
a less-vulnerable elevation. 
The three strategies work 
together to provide a three level 
protection for floodwater 
penetration.
Score 3 3 3 3 3 15 1.800
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelop
Relocate mechanical and electrical equipment from 
basement to DFE 3 FT, so use can continue. The 
deployable barriers can be retracted once floodwaters 
have receded. There is no follow-up r quired for the 
r inforced envelope after the event to return building to 
full operation. 
Relocating the critical systems to the first level will 
reduce the usable SF on that level. The deployable 
barriers can be hidden when not in use. The 
Reinforced envelope can match existing building 
vernacular to appe r indiscernable. 
Of the three options, the d ployable barriers 
may cause an issue for universal access during 
a flooding event. The barrier systems create a 
fence-like blockade from allowing floodwaters 
into the building, but then some users may 
require assistance in exiting the building on their 
own capacity. 
Score 3 2 2 7 0.233
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforc  Envelope
Implementing these strategies together in the 
case study building is estimated to be over 
$500,000, which is about 43% of the total 
value of the building. 
Yes Skilled and licensed professionals 
required. Once installed, the 
deployable barriers can be activated 
by nyo e. 
Planning in advance 
required to install. Once 
installed, deployable 
barriers can be activated 
in anticipation of 
flooding event.
Lose rentable area on First 
Level by relocating the 
critical systems. The 
amount the other strategies 
affect the SF is negligible. 
Score 2 3 2 2 2 11 0.220
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Waste Pollution Water-friendly
Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
Relocating the critical 
systems allows the 
building to continue to 
functi n if utilities are 
available. However, th  
building coul  remain 
functional without power 
and the deployable 
barriers can be activated 
manually. 
Reduces waste during flood. By 
focusing on keeping water out, these 
options combined allow the building 
to return to fully functi nal quicker 
and theoretically eliminates waste.
Reduced exposure, but not completely secure. The 
sewage exposure without a back-flow valve would 
create a vulnerability of exposure to toxic waste. 
Keeps floodwaters away from high-
risk equipment









Comprehensive Solution:      
1. Relocate Critical Systems   
7. Deployable Barriers             
10. Reinforce Envelope
1.800 0.233 0.220 0.500 2.753
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 15: Building Resilience Aspects (60%) for 55-63 Stone Street
Table 16: Social Aspects (10%) for 55-63 Stone Street
Table 17: Economical Aspects (10%) for 55-63 Stone Street
Table 18: Environmental Aspects (20%) for 55-63 St ne Street
Table 19: Summary Totals for 55-63 Stone Street
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Resilience concepts illustrates that 
strong solutions require redundancies 
and reinforcements. Therefore, it is the 
recommendation that at least three of the top-
scoring strategies be implemented to be able 
to cover any failures in the system. The DSM 
showed the Relocation of Critical Systems, 
installation of Backflow Valves, and Deployable 
Barriers were the top three scoring strategies 
and became the recommendation options 
for retrofitting this particular building at this 
particular site for flood resilience. With the 
Building Resilience Aspects as the driving 
criteria, these strategies provide the most flood 
resilience for the case study building when 
implemented together. 
The DSM also determined other strategies to 
be potential contenders. The Backflow Valves, 
Reinforce Foundation, and Flood Damage-
Resistant Materials strategies were within 
.066 points of the recommended options for 
the case study. This could be as a result of the 
simplified DSM and grading methodology 
that was developed to evaluate the strategies 
(quantitative metrics) with the criteria aspects 
(qualitative metrics). Expansion of the criteria 
could lead to more distinct top-scoring choices. 
For the purpose of the case study, three options 
could be easily combined and then re-tested in 
the DSM. Further study would be required to 
determine suitable means for combining more 
strategy options and re-tested in the DSM as a 
comprehensive solution.  
The recommended options combined together 
to defend the case study building against 
floodwater penetration. The Environmental 
Aspects includes a Water-friendly criteria as 
the available literature points to solutions that 
work with the natural ebb and flow of water 
to be less invasive and contribute to a more 
harmonious relationship between the built 
environment and water. In the context of the 
case study building in downtown Rochester, 
NY, Water-friendly solutions would not have 
been considered during the initial construction 
of the building in 1946. The Mt. Morris Dam 
was to begin construction a few years after the 
first phase of 55-63 Stone Street was completed, 
which would eliminate the frequent flooding 
that plagued the area for decades. As with most 
sustainability-centered concepts, retrofitting 
solutions that are Water-friendly prove to 
be more challenging when not incorporated 
into the design from the project inception or 
design phase. Although the scope of this thesis 
is at the building-scale, innovation in Water-
friendly solutions may be more feasible at the 
community or city scale. 
The results of the Comprehensive Solution 
DSM illustrated the method functioned 
specifically for the case study building. When 
a strategy was not applicable to the building, 
the criteria item received a score of zero (0) 
and had no impact on the final grade for the 
specific strategy. However, the criteria of the 
DSM tested could be expanded further to 
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incorporate greater levels of specificity. Criteria 
for site considerations and specific flood zone 
types would allow for better understanding of 
the challenges retrofitting urban buildings face 
versus suburban buildings. The literature and 
case studies pointed to the demand for more 
research in this area of flood-resilient design. 
A DSM with a more meticulous and diversified 
scope would lend to a more specified solution.
It is also important to examine the condition 
of the existing building prior to applying 
the strategies. The case study building was 
constructed as a non-combustible structure, 
which is the premise for a more flood-resistant 
building. Materials such as concrete and brick 
provide the foundation capable of supporting 
the strategies with minor impacts aesthetically 
and structurally. Urban buildings have usually 
been constructed in this manner in order to 
support multiple levels that require a strong 
foundation. As cities need to be adapted to 
support potential flood damage, the existing 
buildings constructed as non-combustible 
or better appear to provide an adequate 
foundation to apply flood-resilient strategies. 
The inherent characteristics of urban buildings 
(non-combustible structures) will provide 
the flexibility for implementing strategies 
effectively. 
One of the key issues presented by FEMA in 
the “Homeowners Guide to Retrofitting” was 
the construction methods of single-family 
residences. A combustible wood structure 
is less expensive than a non-combustible 
structure to build, but does not stand up well 
against flooding disasters. Following a flooding 
disaster with a Substantially Damaged (SD) 
residence will require the homeowner to 
consider options to rebuild or relocate. This 
is a advantage that urban non-combustible 
buildings have over suburban single-family/
non-residential buildings. 
The cost implications of retrofitting strategies 
will realistically be the driving force behind 
the decision for property owners to adapt 
or succumb to the potential flooding 
ramifications. In order to further test the 
methodology, a Modified DSM was created to 
address the economical concerns. 
MODIFIED DSM
The DSM performed to arrive at the three 
recommended options for the 55-63 Stone 
Street case study was driven by the Building 
Resilience Aspects having the most weight in 
the scoring. However, adjusting the weighting 
values for the four aspect categories yielded 
different results. Realistically, the Economical 
Aspects would be the driving factor for most 
property owners and practitioners. The 
economical aspects of the DSM performed 
for the case study building was not as much 
of a factor in the decision-making process 
as the resilience component was. Therefore, 
a Modified DSM was tested using different 
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weighted values for the aspect categories. The 
Modified DSM utilized the following weighted 
values: 
Building Resilience Aspects = 10%
Social Aspects = 10%
Economical Aspects = 70%
Economical Aspects = 10%
The DSM with the Economical Aspects 
weighted at 70% determined a distinctly higher 
score for Deployable Barriers, from 2.370 in the 
Original DSM to 2.625 in the Modified DSM. 
This Modified DSM also indicated Membranes 
and Sealants along with Flood Damage-
Resistant Materials to be the most economically 
favorable options for the case study building. 
These recommended options from the 
Modified DSM have common characteristics 
that became apparent only after this trial. All 
three strategies are relatively easy to implement 
(high feasibility scores), which means either 
a property owner could perform the retrofit 
easily. From an adaptability perspective, these 
strategies could be applicable to other buildings 
of similar structural and environmental 
characteristics and would work well together. 
The Modified DSM also determined that 
Deployable Barriers, Membranes and Sealants, 
and Flood Damage-Resistant Materials are 
the strategies that would provide the most 
flood protection and be most cost-effective. In 
contrast to the Original DSM, the Backflow 
Valves and Relocating Critical Systems 
strategies scores fell below 2.000, which 
determines these options are not economically 
effective decisions for this particular case study 
building. 
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BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 0.240
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 0.164




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 0.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 0.180
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 0.180
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 0.220
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 0.240
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) No immediate area for 
implementation
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
No impact on envelope Not applicable Not applicable
Score 1 1 1 0 0 3 0.060
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 0.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 0.220
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 1.260
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.980
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 1.820
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 1.120
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 1.540





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 1.260
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 1.960
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.140
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.420
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 1.540
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 1.680
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Use Reduce Waste Toxicity/Pollutant Works with Water




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.225
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.275
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.225




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.250
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.100





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.250
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.225
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0 0.000
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.225
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.175
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.100
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required
Score 1 3 2 3 9 0.225
MODIFIED DSM - WEIGHTED TOTALS
RESILIENT 
BUILDING 10%





1 Relocate Critical Systems 0.240 0.233 1.260 0.225 1.958
2 Raise Elevation 0.164 0.167 0.980 0.275 1.586
3 Membrane and Sealants 0.200 0.233 1.820 0.225 2.478
4 Infill Basement or Cellar 0.180 0.267 0.267 0.250 0.963
5 Pump and Back-up Generator 0.180 0.267 1.540 0.100 2.087
6 Backflow Valves 0.220 0.267 1.260 0.250 1.997
7 Deployable Barriers 0.240 0.200 1.960 0.225 2.625
8 Permanent Barriers 0.000 0.140 0.140 0.000 0.280
9 Permeable Surfaces (site) 0.060 0.000 0.420 0.000 0.480
10 Reinforce Envelope 0.240 0.233 1.260 0.225 1.958
11 Reinforce Foundation 0.240 0.267 1.260 0.175 1.942
12 Install Flood Vents (min. 2) 0.200 0.233 1.540 0.100 2.073
13 Flood Damage-Resistant 
Materials
0.220 0.267 1.680 0.225 2.392
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 20: Building Resilience Aspects (10%) - Modified DSM
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BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 0.240
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 0.164




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 0.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 0.180
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 0.180
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 0.220
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 0.240
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) No immediate area for 
implementation
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
No impact on envelope Not applicable Not applicable
Score 1 1 1 0 0 3 0.060
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 0.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 0.220
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 1.260
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.980
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 1.820
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 1.120
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 1.540





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 1.260
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 1.960
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.140
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.420
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 1.540
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 1.680
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Use Reduce Waste Toxicity/Pollutant Works with Water




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.225
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.275
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.225




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.250
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.100





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.250
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.225
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0 0.000
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.225
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.175
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.100
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required
Score 1 3 2 3 9 0.225
MODIFIED DSM - WEIGHTED TOTALS
RESILIENT 
BUILDING 10%





1 Relocate Critical Systems 0.240 0.233 1.260 0.225 1.958
2 Raise Elevation 0.164 0.167 0.980 0.275 1.586
3 Membrane and Sealants 0.200 0.233 1.820 0.225 2.478
4 Infill Basement or Cellar 0.180 0.267 0.267 0.250 0.963
5 Pump and Back-up Generator 0.180 0.267 1.540 0.100 2.087
6 Backflow Valves 0.220 0.267 1.260 0.250 1.997
7 Deployable Barriers 0.240 0.200 1.960 0.225 2.625
8 Permanent Barriers 0.000 0.140 0.140 0.000 0.280
9 Permeable Surfaces (site) 0.060 0.000 0.420 0.000 0.480
10 Reinforce Envelope 0.240 0.233 1.260 0.225 1.958
11 Reinforce Foundation 0.240 0.267 1.260 0.175 1.942
12 Install Flood Vents (min. 2) 0.200 0.233 1.540 0.100 2.073
13 Flood Damage-Resistant 
Materials
0.220 0.267 1.680 0.225 2.392
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 21: Social Aspects (10%) - Modified DSM
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BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 0.240
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 0.164




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 0.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 0.180
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 0.180
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 0.220
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 0.240
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) No immediate area for 
implementation
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
No impact on envelope Not applicable Not applicable
Score 1 1 1 0 0 3 0.060
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 0.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 0.220
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 1.260
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.980
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 1.820
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 1.120
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 1.540





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 1.260
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 1.960
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.140
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.420
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 1.540
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 1.680
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Use Reduce Waste Toxicity/Pollutant Works with Water




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.225
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.275
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.225




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.250
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.100





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.250
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.225
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0 0.000
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.225
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.175
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.100
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required
Score 1 3 2 3 9 0.225
MODIFIED DSM - WEIGHTED TOTALS
RESILIENT 
BUILDING 10%





1 Relocate Critical Systems 0.240 0.233 1.260 0.225 1.958
2 Raise Elevation 0.164 0.167 0.980 0.275 1.586
3 Membrane and Sealants 0.200 0.233 1.820 0.225 2.478
4 Infill Basement or Cellar 0.180 0.267 0.267 0.250 0.963
5 Pump and Back-up Generator 0.180 0.267 1.540 0.100 2.087
6 Backflow Valves 0.220 0.267 1.260 0.250 1.997
7 Deployable Barriers 0.240 0.200 1.960 0.225 2.625
8 Permanent Barriers 0.000 0.140 0.140 0.000 0.280
9 Permeable Surfaces (site) 0.060 0.000 0.420 0.000 0.480
10 Reinforce Envelope 0.240 0.233 1.260 0.225 1.958
11 Reinforce Foundation 0.240 0.267 1.260 0.175 1.942
12 Install Flood Vents (min. 2) 0.200 0.233 1.540 0.100 2.073
13 Flood Damage-Resistant 
Materials
0.220 0.267 1.680 0.225 2.392
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 22: Economical Aspects (70%) - Modified DSM
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BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 0.240
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 0.164




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 0.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 0.180
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 0.180
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 0.220
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 0.240
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) No immediate area for 
implementation
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
No impact on envelope Not applicable Not applicable
Score 1 1 1 0 0 3 0.060
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 0.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 0.220
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 1.260
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.980
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 1.820
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 1.120
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 1.540





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 1.260
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 1.960
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.140
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.420
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 1.540
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 1.680
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Use Reduce Waste Toxicity/Pollutant Works with Water




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.225
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.275
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.225




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.250
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.100





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.250
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.225
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0 0.000
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.225
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.175
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.100
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required
Score 1 3 2 3 9 0.225
MODIFIED DSM - WEIGHTED TOTALS
RESILIENT 
BUILDING 10%





1 Relocate Critical Systems 0.240 0.233 1.260 0.225 1.958
2 Raise Elevation 0.164 0.167 0.980 0.275 1.586
3 Membrane and Sealants 0.200 0.233 1.820 0.225 2.478
4 Infill Basement or Cellar 0.180 0.267 0.267 0.250 0.963
5 Pump and Back-up Generator 0.180 0.267 1.540 0.100 2.087
6 Backflow Valves 0.220 0.267 1.260 0.250 1.997
7 Deployable Barriers 0.240 0.200 1.960 0.225 2.625
8 Permanent Barriers 0.000 0.140 0.140 0.000 0.280
9 Permeable Surfaces (site) 0.060 0.000 0.420 0.000 0.480
10 Reinforce Envelope 0.240 0.233 1.260 0.225 1.958
11 Reinforce Foundation 0.240 0.267 1.260 0.175 1.942
12 Install Flood Vents (min. 2) 0.200 0.233 1.540 0.100 2.073
13 Flood Damage-Resistant 
Materials
0.220 0.267 1.680 0.225 2.392
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 23: Environmental Aspects (10%) - Modified DSM
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BUILDING RESILIENCE ASPECTS
Debris Control Structural Integrity Envelope Bearing Capacity Promotes Redundancies/
Integrates with other 
strategies
Lifelines (Utilities) TOTALS Weighted
1 Relocate Critical Systems Will not add to debris 
accumulation
reduce damage to walls reduce damage to walls Works with #2, 4, 12 Protects electrical/mechanical 
access
Score 3 1 2 3 3 12 0.240
2 Raise Elevation Exposes storage at west of 
building to become debris
Does not promote 
strengthening of structure
Does not reinforce envelope Requires integration of other 
strategies;works with others
Lowers vulnerability of occupied 
levels
Score 1 1 1 3 3 9 0.164




Reinforces envelope walls but 
not windows
Works with other strategies well Does not directly affect lifelines
Score 1 3 2 3 1 10 0.200
4 Infill Basement or Cellar Limits access to potential 
debris content
Reduces further damage 
to building foundation and 
seepage
does not reinforce envelope works well with 2 or more 
strategies
Infill has no direct impact of 
lifelines
Score 2 2 1 3 1 9 0.180
5 Pump and Back-up Generator Does not reduce debris Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Aids in maintaining elec., water, 
that perform function; human 
comfort
Score 1 1 1 3 3 9 0.180
6 Backflow Valves Will prevent sewage from 
becoming debris here
Does not promote 
strengthening of structure
Does not reinforce envelope works well with 2 or more 
strategies
Maintains access to lifelines: 
water
Score 3 1 1 3 3 11 0.220
7 Deployable Barriers Reduces ground level to 
debris exposure
Reduces damage to 
structure, moderate
Strengthens envelope enclosure works well with 2 or more 
strategies
Does not directly affect lifelines
Score 3 2 3 3 1 12 0.240
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0 0.000
9 Permeable Surfaces (site) No immediate area for 
implementation
May actually harm 
structural integrity at 
foundation to allow water 
to permeate into ground
No impact on envelope Not applicable Not applicable
Score 1 1 1 0 0 3 0.060
10 Reinforce Envelope No direct impact on debris 
control
Protects structure Protects envelope works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
11 Reinforce Foundation No direct impact on debris 
control
Reinforces foundation Reinforces foundation works well with 2 or more 
strategies
Keeps people safe; but does not 
aid in lifelines
Score 1 3 3 3 2 12 0.240
12 Install Flood Vents (min. 2) Adds to debris Aid in equalizing 
hydrostatic foces
Aid in equalizing hydrostatic 
foces
works well with 2 or more 
strategies
Not applicable
Score 1 3 3 3 0 10 0.200
13 Flood Damage-Resistant 
Materials
No direct impact on debris 
control
Protects structure 
materials from floodwater 
exposure
Allows envelope to absorb 
impact better
works well with 2 or more 
strategies
Does not directly affect lifelines
Score 1 3 3 3 1 11 0.220
SOCIAL ASPECTS
Impact Aesthetics Accessibility TOTALS Weighted
Integrates with Neighborhood
1 Relocate Critical Systems Relocate mechanical and 
electrical equipment from 
basement to DFE 3 FT
Will take up space on first 
level; reduce SF
Does not affect users
Score 3 1 3 7 0.233
2 Raise Elevation Uninterrupted use Does not fit in with downtown 
vernacular as is current
Additional services will be 
required to get to higher levels
Score 3 1 1 5 0.167
3 Membrane and Sealants Not enough at this location Integrates with current 
building
Can be placed in areas that do 
not affect accessibility
Score 1 3 3 7 0.233
4 Infill Basement or Cellar Reduces floor area to 
floodwater exposure
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
5 Pump and Back-up 
Generator
Aids in use of the building 
following flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
6 Backflow Valves Reduces clean-up post 
flood
Unnoticeable at street level Would not negatively affect 
universal accessibility to space
Score 2 3 3 8 0.267
7 Deployable Barriers Applied at west side would 
be most beneficial
Visible; no option that 
integrates
Not currently allowed by FEMA
Score 3 2 1 6 0.200
8 Permanent Barriers No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0.000
10 Reinforce Envelope Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 2 3 7 0.233
11 Reinforce Foundation Protects against flooding 
but does not reduce 
recovery time
Visible; no option that 
integrates;below grade
Does not block access
Score 2 3 3 8 0.267
12 Install Flood Vents (min. 2) Lengthens recovery time 
by exposing ground floor 
and basement to water
Unnoticeable at street level; 
would look like fenestration in 
west facade. 
Does not block access
Score 1 3 3 7 0.233
13 Flood Damage-Resistant 
Materials
Protects against flooding 
but does not reduce 
recovery time
Design pending; opportunity 
to integrate with Rochester 
streetscape
Does not block access
Score 2 3 3 8 0.267
ECONOMIC ASPECTS
Cost Feasibility SF Changes TOTALS Weighted
Yes/No Skill Level Time
1 Relocate Critical Systems Estimated: $20,000 Yes Skilled and licensed professionals 
required
Planning in advance 
required
Lose rentable area on 
First Level
Score 2 3 1 1 2 9 1.260
2 Raise Elevation Well over half the 
estimated value
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Losing basement and first 
level; option to add fourth 
level to building results in 
-
Score 1 3 1 1 1 7 0.980
3 Membrane and Sealants Cost of materials and 
labor
Yes Tradesperson capable; basic 
training
Apply, dry, ready Does not affect SF
Score 3 3 2 2 3 13 1.820
4 Infill Basement or Cellar The infill would need to 
be brought to site ≈ $50k
Yes Skilled and licensed professionals 
required
Planning in advance 
required
Loses space
Score 2 3 1 1 1 8 1.120
5 Pump and Back-up 
Generator
Considers Average cost 
of pump is $1,000 and 
Avg. Cost of 55 kW 
Generator is $30,000
Yes Skilled and licensed professionals 
required
Can be installed within a 
few days
Can be placed with other 
electrical equipment
Score 2 3 1 2 3 11 1.540





Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect SF
Score 2 2 1 1 3 9 1.260
7 Deployable Barriers Aquafence Cost as 
example ≈ $12k.
Yes No skills required after installation Once installed; takes a 
few hours
Does not affect SF
Score 2 3 3 3 3 14 1.960
8 Permanent Barriers No room to apply/NA No No room to apply/NA No room to apply/NA No room to apply/NA
Score 0 1 0 0 0 1 0.140
9 Permeable Surfaces (site) 14.5% for park No Tradesperson capable; basic 
training
Not Applicable Not Applicable
Score 1 2 0 0 3 0.420
10 Reinforce Envelope Requires adding 
additional layer of building 
materials to first level ≈ 
15-20%
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
11 Reinforce Foundation Requires excavation and 
additional materials
Yes Skilled and licensed professionals 
required
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 1 3 1 1 3 9 1.260
12 Install Flood Vents (min. 2) The vents are affordable 




Tradesperson capable; basic 
training
Planning in advance 
required weeks
Does not affect rentable 
or occupied SF
Score 3 2 2 1 3 11 1.540
13 Flood Damage-Resistant 
Materials
selection varies Yes Tradesperson capable; basic 
training
Days Does not affect rentable 
or occupied SF
Score 2 3 2 2 3 12 1.680
ENVIRONMENTAL ASPECTS
TOTALS Weighted
Energy Use Reduce Waste Toxicity/Pollutant Works with Water




Reduced exposure Keeps floodwaters away from high-
risk equipment but requires 
electricity to return to functioning 
state
Score 1 3 3 2 9 0.225
2 Raise Elevation Could function off power Keeps building in 
use
Storage equipment would 
be at risk
Allows floodwaters to encroach and 
recede naturally. 
Score 2 3 3 3 11 0.275
3 Membrane and Sealants Seal building for better 




chemicals contain toxic 
components
Allows water to encroach and 
recede naturally
Score 3 2 1 3 9 0.225




Reduced exposure Allows water to encroach and 
recede naturally through west side
Score 1 3 3 3 10 0.250
5 Pump and Back-up 
Generator
Does not use or promote 
energy efficiency 
Does not reduce 
waste
Fumes and toxicity of 
fossil-fuel powered device
Equipment does not work with 
water
Score 1 1 1 1 4 0.100





Reduced exposure to 
sewage
Allows water to encroach and 
recede naturally; requires human 
activation
Score 2 3 3 2 10 0.250
7 Deployable Barriers Does not use or promote 
energy efficiency 
Reduces exposure 
to additional waste 
during flood
Reduced exposure to 
pollutants
creates a shield; temporary; allows 
water to encroach and recede 
naturally; requires human 
activation
Score 1 3 3 2 9 0.225
8 Permanent Barriers No room to apply/NA No room to apply/
NA
No room to apply/NA No room to apply/NA
Score 0 0 0 0 0 0.000
9 Permeable Surfaces (site) Not Applicable Not Applicable Not Applicable Not Applicable
Score 0 0 0 0 0 0.000
10 Reinforce Envelope Potential to tighten 
building envelope to 
increase energy efficiency 
of building
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 3 2 1 3 9 0.225
11 Reinforce Foundation Does not use or promote 
energy efficiency 
Protects materials Does not reduce exposure 
to pollutants
Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 2 1 3 7 0.175
12 Install Flood Vents (min. 2) Does not use or promote 
energy efficiency; creates 
openings at vulnerable 
area in west side
Not Applicable Not Applicable Allows floodwaters to encroach and 
recede naturally; no activation 
required
Score 1 0 0 3 4 0.100
13 Flood Damage-Resistant 
Materials






choice; water repellant 
epoxy is toxic
creates a shield; temporary; allows 
water to encroach and recede 
naturally; no human activation 
required
Score 1 3 2 3 9 0.225
MODIFIED DSM - WEIGHTED TOTALS
RESILIENT 
BUILDING 10%





1 Relocate Critical Systems 0.240 0.233 1.260 0.225 1.958
2 Raise Elevation 0.164 0.167 0.980 0.275 1.586
3 Membrane and Sealants 0.200 0.233 1.820 0.225 2.478
4 Infill Basement or Cellar 0.180 0.267 0.267 0.250 0.963
5 Pump and Back-up Generator 0.180 0.267 1.540 0.100 2.087
6 Backflow Valves 0.220 0.267 1.260 0.250 1.997
7 Deployable Barriers 0.240 0.200 1.960 0.225 2.625
8 Permanent Barriers 0.000 0.140 0.140 0.000 0.280
9 Permeable Surfaces (site) 0.060 0.000 0.420 0.000 0.480
10 Reinforce Envelope 0.240 0.233 1.260 0.225 1.958
11 Reinforce Foundation 0.240 0.267 1.260 0.175 1.942
12 Install Flood Vents (min. 2) 0.200 0.233 1.540 0.100 2.073
13 Flood Damage-Resistant 
Materials
0.220 0.267 1.680 0.225 2.392
2.0 - 3.0 = Recommended Options
1.0 - 2.0 = Not Effective Options
Below 1.0 = Eliminated Options
Table 24: Summary - Modified DSM
An analysis of the top-scoring strategies in the 
Original and Modified DSM presented general 
characteristics that could become the basis for 
developing new strategies. The DSM showed 
successful strategies to be both cost-effective 
and blend into the existing building design. 
In both scenarios explored, simple solutions 
were effective when complimented with other 
strategies that would reinforce the building’s 
protection, in effect, acting as a unified system.
The premise for this research began with the 
need to deconstruct the ‘umbrella’ strategies 
currently presented by FEMA and other 
organizations in order to determine the 
individual effectiveness of each part. The 
process created a methodology that can be 
adapted and applied in a variety of urban 
settings to reflect the values of the stakeholders. 
The inherent value is an approach like this is 
the adaptability. As new technology emerges, 
this method can evaluate the effectiveness 
in a model scenario to find strengths and 
weaknesses. 
Following the application of the methodology 
remains an implementation gap for new 
strategies: codes and regulations. The 
DSM does not address the requirements of 
building codes, zoning codes, and other NFIP 
regulations. The literature and precedent 
studies explained the challenges in retrofitting 
flood-resilient tactics in buildings that may not 
be within a FIRM currently, but are projected 
to be with the rise in MSL. Thus propagating 
a reactive instead of proactive response to 
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flooding disasters. It was proposed in the 
literature and corroborated with the research 
performed in this thesis that trans-disciplinary 
collaboration would palliate the cycle of ad-hoc 
solutions. 
Codes and regulations have a responsibility 
to keep people safe, as do architectural and 
engineering practitioners. However, the 
technology in retrofitting flood-resilient design 
for urban settings is still in development, and 
would benefit from the collective expertise of 
these disciplines to propel it forward in a safe 
and effective manner. 
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Changing the weights of the Aspects can 
be adjusted to coincide with the values of a 
particular stakeholder. As a Modified DSM was 
tested from the perspective of practitioners and 
property owners by placing the Economical 
Aspects as the driving factor, ecologists could 
use this method to weigh the Environmental 
Aspects as the driving criteria. Other solutions 
may include weighing all four aspect categories 
equally.  The adaptability of the DSM leads to 
the conclusion that various stakeholders would 
be able to use and understand the method 
to make better informed decisions. As the 
literature indicates a gap in the knowledge of 
how to make urban buildings flood-resilient, 
this research produced a DSM that can be 
tailored to a specific building, on a specific 
site, and utilized by anyone from the property 
owners to practitioners. 
There still remains a need for new strategies in 
flood-resilient design for buildings in an urban 
context. Prior to completing the Original DSM, 
the literature advocated for Infill Basement or 
Cellar and Raising the Elevation as favorable 
strategies for flood-resilience. The logic was 
that by filling in a basement or cellar there 
would be no place for floodwaters to collect. 
If there is no place for floodwaters to collect 
then there would be no need for a pump or 
generator to keep the building operational. 
Also, if the building’s elevation of the first 
floor was elevated to the DFE (BFE +1 FT 
Freeboard) or up to the second level of the 
structure, then other strategies could be 
combined to make the first level flood-resistant. 
The combination of Infill Basement and Cellar, 
Raising the Elevation, adding Membranes 
and Sealants, and Flood Damage-Resistant 
Materials is the basis for FEMA’s “Elevation” 
and “Dry-Floodproofing” retrofitting strategies 
[33]. The concern with “Dry-Floodproofing” 
is that it is only promoted as a substitute for 
the “Elevation” strategy in non-residential 
buildings only, and has not been addressed 
as a viable option for mixed-use buildings, 
a ubiquitous characteristic of dense urban 
settings. 
From a practitioner’s perspective, more 
research is required to analyze the life-cycle 
impacts for each strategy and determine 
associated costs unforeseeable at this point 
in the research. Each of the strategies could 
be further dissected using additional levels of 
criteria. For example, expanding the criteria 
in the Environmental Aspects would allow for 
greater specificity to better choose the path 
to arrive at the resilience goal. Taking Life-
Cycle Assessment into account, there may be 
additional associated costs to a strategy that 
would better determine ineffective choices. 
Life-cycle Assessment concepts are being 
adopted by other building performance metrics 
systems such as LEED v4. The USGBC’s LEED 
v4 Building Design and Construction (BD+C) 
category has proposed a pilot option for the 
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whole building life-cycle assessment worth 
a possible 3 points [46]. The goal of adding 
LCA to LEED is to increase the awareness 
of the life-cycle impacts by incentivizing 
professionals to specify materials and products 
that improve and promote sustainable 
performance. Expanding on the criteria for 
the Environmental Aspects would include 
more consideration for the life-cycle impacts 
of the given strategies and align with other 
progressive building performance metrics. 
The Time criteria would be more informative 
by dividing it into the time required to install 
the strategy and the time to activate the 
strategy separately. The phases of emergency 
management exist on a time continuum, and 
the Time criteria could reflect that with more 
branches for detailing the effectiveness of the 
strategy at a given point of the process.  
One surprising finding from the case study 
was the visual impact of the strategies based on 
the scores received in the Aesthetics criteria of 
the DSM. In expanding the DSM criteria, the 
Aesthetics criteria could be divided into two 
more categories: aesthetic quality from inside 
the building and aesthetic quality from the 
street (or outside). The criteria by which the 
strategies are investigated should reflect the 
multi-dimensional experience people have with 
buildings. We live in them and around them. 
A more thorough level of investigation would 
include branching out the criteria to include 
varying perspectives. 
The research has produced a guide to aid in 
the decision-making process for practitioners 
and property owners in retrofitting urban flood 
resilience. With the array of strategies available, 
a DSM became the most efficient tool to cross-
reference the characteristics of the current 
strategies (quantitative metrics) with the 
evaluation criteria that were separated into the 
four aspect categories (qualitative metrics). 
In a proactive approach, the research in this 
document discusses all currently available 
strategies that could lead to the innovation of 
new retrofitting strategies not yet explored. 
The findings from the method and application 
phase of this thesis allude to some common 
characteristics in strong flood-resilient 
retrofitting strategies. For example, strategies 
that are cost-prohibitive, time-consuming, or 
aesthetically inappropriate had consistently 
low scores. Therefore, one could begin the 
develop of new strategies based on the 
highest scores for the criteria (as defined in 
Chapter 2). New building projects could also 
reference the criteria descriptions to integrate 
into prospective building projects located 
in urban settings. Although, it would be the 
recommendation of this thesis that all new 
buildings consider flood-resilience during 
the schematic design phase of a given project 
to ensure optimal integration and adoption. 
Ultimately, the DSM created through this 
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research demonstrated the criteria to evaluate 
retrofitting flood-resilient strategies, and would 
be able to perform the same function for any 
conceived strategies in the future.
CHAPTER 4: SUMMARY AND CONCLUSIONS
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4.1.0  SUMMARY
With the growing trend in urbanization and 
climate change patterns, cities along the coast 
are the most vulnerable to flooding disasters. 
Public and private organizations have begun to 
develop retrofitting strategies for single-family 
residential and non-residential buildings, but 
little research has become available for applying 
these strategies specifically for an urban 
context. The available literature reveals a multi-
faceted and trans-disciplinary approach would 
yield a successful flood-resilient solution.
Through the thesis research, an account of the 
available existing retrofitting strategies were 
analyzed and thirteen strategies were found to 
have potential in an urban building application. 
Then, criteria was developed and synthesized 
into a DSM to be evaluated in four aspects: 
Building Resilience, Social, Economic, and 
Environmental. A case study was used to test 
the model DSM for its effectiveness and to 
determine holes and potential areas for future 
research. 
The literature and precedent studies eluded 
to a rigidity to building codes that make 
implementing new strategies very challenging. 
There are legalities to life-safety that cannot 
be ignored, but a balance needs to be made 
between meeting safety requirements and 
testing potential solutions that could lead to 
more beneficial flood-resilient strategies. More 
integration of leading technology with trans-
disciplinary coordination is required to allow 
for more innovation. In terms of emergency 
management, the research is focused on the 
mitigation and preparedness phases, with 
the critical timetable for encouraging better 
retrofitting solutions is now. The world needs 
more case studies of adaptive reuse and 
retrofitting for flood resilience to continue 
growing the knowledge-base of high-
performing strategies. Combining life-cycle 
assessment with emergency management 
principles could lead to the development of 
innovative solutions with a wealth of data to 
support new research. The research provided 
a foundational methodology that could test 
creative strategies that emerge from continued 
explorations.  
The results of the application phase revealed 
the DSM developed through this research can 
be easily adaptable to reflect a stakeholder’s 
values. As the scope of this thesis was to create 
a flood-resilient solution, the Original DSM 
weighted the Building Resilience Aspects at 
60% and provided three recommendation 
options: Relocating Critical Systems, 
implementing Deployable Barriers, and 
Reinforcing Foundation. In the original DSM 
the Environmental Aspects were weighted at 
20% with the Social and Economical Aspects 
at 10% each, because these aspect’s criteria 
reside within the confines of the environmental 
boundaries. The Modified DSM yielded 
different results when adjusting the values with 
consideration to a practitioner or property 
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owner. The Economical Aspects were weighted 
at 70% and the other aspects at 10% each. The 
results of the Modified DSM gave a greater 
score to Deployable Barriers, and included 
high scores for Membranes and Sealants and 
Flood Damage-Resistant Materials. It is the 
recomendation of this research, founded in the 
available research and precedent studies that 
future strategy options allow for redundancies, 
and support site-specific grouping to account 
for any failures in the system.
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4.2.0  CONCLUSIONS AND RECOMMENDATIONS
The research concludes that a hybrid solution, 
tailor-made for a specific building of a specific 
typology, in a specific site is the most effective 
method for retrofitting urban flood resilience at 
the building scale. The DSM tool would benefit 
from more branches within the criteria to 
become more specific. When there are multiple 
indicators people are better equipped to choose 
the best path to achieve a specific goal. A more 
refined DSM would provide insight to which 
strategies are the most useful, given a specific 
situation, to reflect time, the continuum 
between non-operation, temporary and full-
operation. Time being a critical component 
to the resilience of a building and overall 
community. 
In further development, this type of research 
could turn into a web-based application, 
universally accessible to help make existing 
urban buildings more resilient to flooding 
disasters worldwide. By using modules to 
depict unique data sets of buildings (how many 
floors, square footage per floor, basement, etc.), 
a program could run a cost-benefit analysis. 
The web-based tools would be to the benefit 
of people from an array of disciplines and 
economic status. A downloadable program 
or application that requires an installation is 
clumsy and becomes obsolete too quickly with 
the rate of technological advancements. Web-
based tools have the benefit of being updated 
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